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(54) LIGHTING DEVICE AND ALIGNER USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make switching between normal lighting method 
and deformed lighting method easier while allowing an irradiated surface to be lit 
evenly up high lighting efficiency, by providing an optical flux ac(justing means 
near an out-going surface of an optical flux mixing means, for allowing 
adjustment of light quantity distribution on an incidence surface of a plurality of 
optical-flux generating means. 

SOLUTION: An optical flux from an out-going angle preserving optical element is 
made to generate a condensed point by a condensing optical system 1 0, then it 
is made incident on an incidence surface 3a of an optical pipe (optical flux 
mixing means) 3. Near an out-going surface 3b of an optical pipe 2, optical flux 
adjusting means 11a and 11b which can be detached/attached for replacement 
are provided, for regulating the optical flux distribution out-going from the 
optical pipe 3. The optical flux adjusting means 1 1 a forms such effective light 
source as of zone of larger outside diameter on an incidence surface 5a of a 
plurality of optical-flux generating means 5 while the optical flux adjusting means 
1 1b that of smaller outside diameter. A condenser lens 4 makes the light flags 
from a light flux adjusting means 1 1 condensed on the incidence surface 5a of 
the plurality of optical-flux generating means 5 comprising a fly-eye lens. 
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CLAIMS 



[Claim(s)] 

[Claim 1]ln a lighting system characterized by comprising the following, a light flux adjustment device is provided near the emission 
face of this light flux mixing means, and luminous energy distribution in an entrance plane of this multi luminous flux generator is 
constituted so that adjustment is possible. . 
A light source. 

A condensing optical system which condenses light flux from this light source. 

A light flux mixing means which mixes and ejects light flux from this condensing optical system. 

A multi luminous flux generator which generates much partial luminous flux using an outgoing beam from this light flux mixing means, 
and an irradiation means which irradiates with an irradiated plane where light flux from this multi luminous flux generator is piled up. 
[Claim 2]Claim 1 having set up an optical system arranged between said light flux mixing means and said multi luminous flux generator, 
and become approximately conjugate according to this optical system about an emission face of this light flux mixing means, and an 
entrance plane of this multi luminous flux generator, or 2 lighting systems. 
[Claim 3]Claim 1, wherein said light flux mixing means has an optical pipe, or 2 lighting systems. 

[Claim 4]A lighting system of Claim 1 to which, as for said light flux adjustment device, the entrance plane side is characterized by 
consisting of an optical member in which the emission face concave surface side has a convex conic surface, 2, or 3. 
[Claim 5]A lighting system of Claim 1 to which, as for said light flux adjustment device, the entrance plane side is characterized by 
consisting of an optical member in which the emission face concave surface side has a convex polygonal-pyramid side, 2, or 3. 
[Claim 6]A lighting system of Claim 1, wherein said light flux adjustment device consists of an optical member in which the entrance 
plane side has the flat surface for which the emission face concave surface side cut a vertex of a convex polygonal-pyramid side in 
respect of being level to an optic axis, 2, or 3. 

[Claim 7]A lighting system of Claim 1, wherein said light flux aajustment device has two diffraction optica! elements which have zona- 
orbicularis-like phase distribution, 2, or 3. 

[Claim 8]Said light flux adjustment device has the substrate which provided a diffraction optical element in the whole surface, The 
surface integral rate of this diffraction optical element is carried out to many fields on this whole surface, and a diffraction optical 
element of each field is formed from a linear shape pattern, A lighting system of Claim 1 the diffraction directions of light flux by a 
diffraction optical element of each field differing mutually, and forming strong light intensity distribution in a discrete position on said 
multi luminous flux generator [ else ], 2, or 3. 

[Claim 9]A lighting system of Claims 1-8 having provided two or more light flux adjustment devices in which it was made for luminous 
energy distribution on an entrance plane of said multi luminous flux generator to differ, and having set up one of light flux adjustment 
devices of this plurality selectable into an optical path given in any 1 clause. 

[Claim 10]A lighting system of Claims 1-9. wherein said multi luminous flux generator has an eye of a fly given in any 1 clause. 
[Claim 11]A lighting system of Claims 1-10 having established a diaphragm from which aperture shape differs according to a kind of 
said light flux adjustment device exchangeable near the emission face of said multi luminous flux generator given in any 1 clause. 
[Claim 12]A projection aligner currently carrying out projection exposure of the pattern on an object face established in an irradiated 
plane using a lighting system of 1 1 given in any 1 clause from Claim 1 to an exposure substrate according to a projection optical 
system. 

[Claim 1 3]A pattern on an object face established in an irradiated plane using a lighting system of 1 1 given in any 1 clause from Claim 
1 according to a projection optical system to an exposure substrate. A projection aligner synchronizing this object and both sides of 
this exposure substrate with an optic axis and a perpendicular direction of this projection optical system with a velocity ratio made 
equivalent to projecting magnification of this projection optical system, scanning them, and exposing them. 

[Claim 14]A manufacturing method of a device carrying out the development of this exposure substrate, and manufacturing a device 
after carrying out projection exposure of the pattern on an object face on an exposure substrate according to a projection optical 
system using Claim 12 or a projection aligner of 13. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Specifically in the manufacturing installation of devices, such as a semiconductor device, about the 
manufacturing method of the projection aligner and device with which this invention used a lighting system and it, For example, it 
illuminates the pattern on a reticle side appropriately and high resolution was acquired easily, it is suitable for the projection aligner of 
a step and repeat system or a step and scanning method. 
[0002] 

[Description of the Prior Art]ln order to attain high-resolvin^-power-ization, removal of the illumination unevenness in a mask surface 
(reticle side) is strongly demanded of the lighting system generally used for the exposure device for device fabrication, such as a 
semiconductor device. The lighting system which aimed at improvement in condensing efficiency has proposed these people as this 
demand in JP.H1 -00091 3,A. 

[0003] Prawing 34 is an important section schematic view of the lighting system proposed in the gazette. 

[0004]One in a figure is a light source and consists of extra-high pressure mercury lamps etc. 2 consists of elliptical mirrors etc. by a 
condensing means, and the light source 1 is arranged near the 1 st focus of this elliptical mirror 2. 3 comprises the optical pipe of 
prescribed shape by a light flux mixing means, and, as for the entrance plane 3a of this optical pipe 3, near [ the 2nd focus ] 
arrangement of the elliptical mirror 2 is carried out. It is an eye of the fly whose 4 is a condenser and whose 5 is a multi luminous flux 
generator, and the condenser 4 is set up so that the emitting end 3b of the optical pipe 3 and the entrance plane 5a of the eye 5 of a 
fly may serve as abbreviated conjugation relation. It is determined that many optical constants of the condenser 4 carry out image 
formation of the emitting end 3b to the entrance plane 5a for desired magnification in that case. 

[0005]6 consists of composition which contains a condenser lens by an irradiation means, and is irradiating with the irradiated plane 7 
where a mask, a reticle side, etc. are set up using the light flux from the emission face 5b of the eye 5 of a fly. 

[0006]The Koehler illumination system which abbreviated-coincides the front side focus of the condensing means 6, and abbreviated- 
coincides with the irradiated plane 7 and the backside focus of the condensing means 6 the condensing point (backside focus) of the 
element lens which constitutes the eye 5 of a fly in that case is constituted. 

[0007]Using the multiple echo by a medial surface, the optical pipe which is the light flux mixing means 3 forms many ** or the 
condensing point of a fruit from one light flux, and shows the principle to drawing 35 - 37. 

[0008]For example, in the hollow which has a square cross section as shows drawing 37 an optical pipe, it is assumed that it 
comprises a component which carries out internal reflection. 

[0009] Drawing 35 expresses signs that the condensing point of ** is formed of the condensed light bunch which has the light source 
image SO in the front side of the entrance plane 301a of the optical pipe 3 in the section in alignment with an optic axis. 
[001 0]The light flux which is not once reflected among the light flux which enters from the light source image SO on the upper part 
side 301c and 301 d of lower part sides is emitted from the projection surface 301b as it is. 

[001 l]The light flux reflected once only on the upper part side 301c, The light flux which is emitted so that it may be supplied about 
the upper part side 301c from the condensing point SO and the condensing point S1 of conjugate ****, and is reflected once on 301 d 
of lower part sides is emitted so that it may be supplied about 301 d of lower part sides from the condensing point SO and the 
condensing point S-1 of conjugate ****. 

[0012]After emitting the light flux reflected on the upper part side 301 c like the following after reflecting on 301 d of lower part sides 
so that it may be supplied from the condensing point SO, and reflecting on the upper part side 301c, the light flux reflected on 301 d 
of lower part sides is emitted so that it may be supplied from the condensing point S2. 

[001 3]Therefore, the light flux with the light source image SO which enters into this optical pipe is emitted as substantially supplied by 
the reflection of 1 time or multiple times in the side from many light source images. 

[0014]As a result, the emission face 301b comes to be illuminated by the light flux from many condensing points when the situation of 
the condensing point seen from the emission face by reflection in each side was distributed in the shape of a lattice like drawing 36 , 
and the substantial surface light source is formed in the field S in which ******** of these large number is formed. 
[001 5]therefore, the emitting end 301b of the optical pipe 3 — abbreviated — uniform illuminance distribution can be acquired. 
[001 6]Although the uniform degree becomes settled by the reflecting times of the light flux within the optical pipe 3, detailed 
explanation is omitted here. . 

[001 7]The eye 5 of a fly consists of an array of two or more microlenses, and the emission face 5b forms the secondary surface of 
light source. 

[0018]as already explained, the emission face 301b of the optical pipe 3 and the entrance plane 5a of the eye 5 of a fly are connected 
to approximately conjugate — the emission face 301b of the optical pipe 3 — already — abbreviated, although uniform illuminance 
distribution is formed, Still more uniform illuminance distribution is attained on an irradiated plane by entering it in the eye 5 of a fly 
and irradiating with the irradiated plane 7 with Koehler illumination by the irradiation means 6. 

[0019]By the way, the resolution as which a projection aligner is required is also increasing with improvement in the degree of location 
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of the latest semiconductor device every year. In order to raise resolution, research and development in various methods, such as 
short wavelength formation of a light source, adoption of a phase shift method, and adoption of a deformation illumination method, is 
done, and it is not necessary to add a large change and, and the deformation illumination method has especially the advantage that 
change of the conventional mask pattern is unnecessary, to equipment conventionally. 

[0020]as the typical example of a deformation illumination method — the pupil of a projection optical system of an illumination-light . 
study system — abbreviated — when light flux passes in a conjugate field, the passing position of light flux with the method of making 
it call what is called quadrupole Lighting Sub-Division restricted to four places estranged from the optic axis. Especially two of the 
methods called what is called ring pair Lighting Sub-Division with which the passing position of light flux is restricted an optic axis and 
in the shape of [ concentric ] zona orbicularis in the field of the aforementioned illumination-light study system are common. 
[0021] Although quadrupole Lighting Sub-Division has a remarkable effect of the improvement in resolution, and increase of the depth 
of focus about especially the pattern that comprises vertical and horizontal lines, about the pattern which consists of a line of an 
oblique direction, there is a fault usually worsening rather than Lighting Sub-Division which does not carry out deformation 
illumination rather. 

[0022]On the other hand, zona-orbicularis Lighting Sub-Division has the feature for which it does not depend in the direction of a 
pattern, although the effect of the improvement in resolution and depth-of-focus increase is not more remarkable than a quadrupole. 
[0023]As a lighting system using a deformation illumination method, by JP.H5-251308.A, the zona-orbicularis-like luminous flux 
transforming means which changes a parallel beam into zona-orbicularis-like light flux is established between a light source means 
and an integrator, and oblique illumination of the illuminated face is carried out uniformly. 

[0024]In JP,H5-283317,A or JP.H6-2041 14,A, the optical element which can be inserted and detached and which makes a prescribed 
direction deflect an incoming beam between an elliptic mirror and an optical integrator is arranged, the light intensity distribution of 
the entrance plane of an optical integrator is changed, and the irradiated plane is illuminated. 
[0025] 

[Problem to be solved by the invention]This invention improves the lighting system mentioned above, and the change of illumination 
and a deformation illumination method is usually easy for it, And an irradiated plane can be uniformly illuminated by high illumination 
efficiency, and it aims at offer of the manufacturing method of the lighting system which can manufacture easily the device which is 
the degree of high integration and the projection aligner using it, and a device. 
[0026] 

[Means for solving problem]The condensing optical system in which the lighting system of this invention condenses the light flux from 
a light source (1-1) and this light source, The light flux mixing means which mixes and ejects the light flux from this condensing 
optical system, and the multi luminous flux generator which generates much partial luminous flux using the outgoing beam from this 
light flux mixing means, It is characterized by providing a light flux adjustment device near the emission face of this light flux mixing 
means, and constituting the luminous energy distribution in the entrance plane of this multi luminous flux generator in the lighting 
system which has an irradiation means which irradiates with an irradiated plane, so that adjustment is possible where the light flux 
from this multi luminous flux generator is piled up. 

[0027]In particular, the optical system is arranged between said (1-1-1) light flux mixing means and said multi luminous flux generator, 
and set up to become approximately conjugate according to this optical system about the emission face of this light flux mixing 
means, and the entrance plane of this multi luminous flux generator. 
(1-1-2) Said light flux mixing means should have an optical pipe. 

(1-1-3) Said light flux aajustment device should consist of an optical member in which the emission face concave surface side has a 
convex conic surface in the entrance plane side. 

(1-1-4) Said light flux adjustment device should consist of an optical member in which the emission face concave surface side has a 
convex polygonal-pyramid side in the entrance plane side. 

(1-1-5) Said light flux adjustment device should consist of an optical member in which the entrance plane side has the flat surface for 
which the emission face concave surface side cut the vertex of the convex polygonal-pyramid side in respect of being level to an 
optic axis. 

(1-1-6) Said light flux adjustment device should have two diffraction optical elements which have zona-orbicularis-like phase 
distribution. 

(1-1-7) Said light flux adjustment device has the substrate which provided the diffraction optical element in the whole surface, The 
surface integral rate of this diffraction optical element is carried out to many fields on this whole surface, and the diffraction optical 
element of each field is formed from the linear shape pattern, The diffraction directions of the light flux by the diffraction optical 
element of each field differ mutually, and form strong light intensity distribution in the discrete position on said multi luminous flux 
generator [ else ]. 

(1-1-8) Provide two or more light flux adjustment devices in which it was made for the luminous energy distribution on the entrance 
plane of said multi luminous flux generator to differ, and set up one of the light flux adjustment devices of this plurality selectable into 
an optical path. 

(1-1-9) Said multi luminous flux generator should have an eye of a fly. 

(1-1-10) It is characterized by having established the diaphragm from which aperture shape differs according to the kind of said light 
flux adjustment device exchangeable near the emission face of said multi luminous flux generator etc. 

[0028]It is characterized by the projection aligner of this invention carrying out projection exposure of the pattern on the object face 
established in the irradiated plane (2-1) to the exposure substrate according to the projection optical system using the lighting 
system of composition (1-1). 

(2-2) It is characterized by synchronizing the pattern on the object face established in the irradiated plane with the velocity ratio 
which made this object and the both sides of this exposure substrate correspond to the projecting magnification of this projection 
optical system to the optic axis and perpendicular direction of this projection optical system according to a projection optical system 
at an exposure substrate, scanning it, and exposing it. 

[0029]After carrying out projection exposure of the manufacturing method of the device of this invention on an exposure substrate 
using composition (2-1) or the projection aligner of (2-2) according to the pattern projection optical system on an object face (3-1), it 
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is characterized by carrying out the development of this exposure substrate, and manufacturing a device. 

[Mode for carrying out the invention]It is an important section schematic view of Embodiment 1 of a projection aligner with which 
drawing 1 used some important section schematic views of Embodiment 1 of a lighting system of this invention, and drawing 2 used a 
lighting system of this invention. 

[003l]The projection aligner of this embodiment can apply a step and repeat system and a step and scanning method. 
[0032]Among a figure, 20 are a light source and comprise excimer laser, ultra-high pressure small ****, etc. which emit ultraviolet 
rays, a far ultraviolet ray, etc. After making into desired light flux form light flux which emitted the light source 20 through the light 
flux shaping means 21, change it into low light flux of coherence through the incoherent-ized means 22, and further by the emitting 
angle preservation optical element 23. It has entered into the condensing optical system 10, after eliminating influence by vibration 
between the light source 20 and a projection aligner, etc. 

[0033]The light flux from the emitting angle preservation optical element 23 enters into the entrance plane 3a of the optical pipe (light 
flux mixing means) 3, after making a condensing point from the condensing optical system 10. the drive mechanism which is not 
illustrated near the emitting end (emission face) 3b of the optical pipe 3 ~ attachment and detachment — the exchangeable light flux 
adjustment device 1 1 (1 1a, 1 1b) is formed, and desired regulation is added to the luminous flux distribution which emits the optical 
pipe 3. 

[0034]As shown in drawing 3 (A) and (B), the light flux adjustment device 1 1 (1 1a, 1 1b) to the entrance plane side Concave, It became 
the emission face side from the prism component (optical member), which has a conic surface of a convex, the vertical angles differ in 
the light flux adjustment devices 11 a and 11b, and the direction of the light flux adjustment device 1 1 a serves as form of the convex 
with it compared with the light flux adjustment device 1 1 b. [ a small namely, angle and ] [ sharper ] The direction of the light flux 
adjustment device 11a forms in the entrance plane 5a of the multi luminous flux generator 5 by which the direction of the zona 
orbicularis with a big outer diameter and the light flux adjustment device 1 1 b mentions the effective light source of the zona 
orbicularis with a small outer diameter later. 4 is a condenser and is condensing the high speed from the light flux adjustment device 
1 1 to the entrance plane 5a of the multi luminous flux generator 5 which comprises the eye lens of a fly. 

[0035]The condenser 4 carries out image formation of the emission face 3b of the light flux mixing means 3 to the entrance plane 5a 
of the multi luminous flux generator 5 for predetermined magnification, and both sides are made to become abbreviated conjugation 
relation mutually. 

[0036]The neighborhood of emission face 5b of the eye 5 of a fly serves as a secondary light source, unnecessary light is shaded 
there and the effective light source of desired shape is orthopedically operated by form. 1 2 is a diaphragm — near emission face 5b 
of the multi luminous flux generator 5 — drive mechanism — attachment and detachment — it is provided exchangeable. The 
diaphragm 12 has two or more diaphragms (12a, 12b). 

[0037]The diaphragms 12a and 12b have an opening shown in drawing 4 (A) and (B). In drawing 4 , a shadow area is a shade part. 

[0038]6 is an irradiation means, condenses the light flux which passed the opening of the diaphragm 12 among the light flux from the 

emission face 5b of the eye 5 of a fly, and is carrying out Koehler illumination of the irradiated plane (reticle) 7. 

[0039]24 is a projection optical system and has projected a pattern drawn on the reticle (mask) 7 on the exposure substrate (wafer) 

25. 

[0040]In a projection aligner of this embodiment, it is changed into deformation illuminations, such as zona-orbicularis Lighting Sub- 
Division and quadrupole Lighting Sub-Division, by exchanging the light flux adjustment devices 1 1a and 11b etc. for insertion or other 
light flux adjustment devices. 

[0041]He shades unnecessary light and is trying to form a desired effective light source configuration more correctly by inserting the 
diaphragm 12 near the emission face 5b of the multi luminous flux generator 5 if needed in that case. 
[0042]Next, the features other than composition mentioned above among composition of this embodiment are explained. 
[0043]Illuminance distribution formed by the entrance plane 5a of the eye 5 of a fly by the light flux adjustment device 1 1 changes 
with optical arrangement of the entrance plane 5a of form of the light flux adjustment device 1 1, the light flux adjustment device 11, 
the condenser 4, and the eye 5 of a fly, aberration of the condenser 5, etc. 

[0044]When the light flux adjustment device 11a shown in drawing 3 (A) is used as the light flux adjustment device 1 1, as shown, for 
example in drawing 5 , zona-orbicularis-like illuminance distribution may be formed on the entrance plane 5a of the eye 5 of a fly, and, 
in those intensity, dark space and a bright section may have an abrupt change dramatically. 

[0045]The shadow area in drawing 5 is a portion with which light is irradiated, and the light intensity in the XX' section is shown below. 
Since the unnecessary light to desired effective light source distribution hardly arises in this case as shown in drawing 5, the above- 
mentioned diaphragm 1 2a becomes unnecessary. 

[0046]On the other hand, as shown in drawing 6 depending on an illumination system, a sagging ** case has the upper part and the 
lower part like Gaussian distribution in the section of the light intensity of the zona orbicularis. In that case, unnecessary light is 
shaded by using the diaphragm 1 2a shown in drawing 4 (A). 

[004 7]A slash part of drawing 7 shows a portion which contributes to formation of effective light source distribution without being 
shaded when it extracts and 12a is used. 

[0048] Drawing 8 is an explanatory view at the time of exchanging the light flux adjustment device 1 1a for the light flux adjustment 
device 11b in drawing 1 . 

[0049]As shown in drawing 9 t he same with having mentioned above also in this case, zona-orbicularis-like a bright section and dark 
space of illuminance distribution of the eye 5 of the entrance plane 5a may carry out an abrupt change dramatically. [ of a fly ] In this 
case, it extracts and 12b is unnecessary. On the other hand, when intensity distribution in the entrance plane 5a of the eye 5 of a fly 
shows drawing 10 , unnecessary light is too shaded using the diaphragm 1 2b. A slash part of drawing 1 1 shows a portion which it is not 
shaded when it extracts and 12b is used, but contributes to formation of effective light source distribution. 

[0050]The above can respond also to deformation illuminations, such as a quadrupole, by changing the light flux aajustment device 1 1 
similarly, although the case where zona-orbicularis Lighting Sub-Division was formed was described. 

[0051]The light flux adjustment device 11c shown in drawing 3 ( C) is an outer diameter of the light flux adjustment device for forming 
quadrupole Lighting Sub-Division, and comprises the prism component which has 4 pyramidal-surface form of a convex in the 
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entrance plane side at the emission face concave side. 

[0052]Light flux enters only into the shadow area which this shows to drawing 1 2 at the entrance plane 5a of the eye 5 of a fly. Under 
the present circumstances, a diaphragm is also changed into the diaphragm 12c shown in drawing 4 (C), an effective light source is 
formed only in the portion which showed drawing 1 3 t he slash, and the desired effective light source is formed. The figure and drawing 
13_under drawing 1 2 show the intensity distribution in the AA* section of the figure on drawing 1 2 . 

[0053]ln this case, as already stated in explanation of zona-orbicularis Lighting Sub-Division, the illuminance distribution by the side 
of the entrance plane 5a of the eye 5 of a fly is a case where it has an abrupt change by a bright section and dark space, but since it 
is the same as having mentioned above about a case [ like Gaussian distribution ] whose it is, explanation is omitted. 
[0054]About the position from the optic axis of the discrete intensity distribution of a quadrupole, like the prism component of zona- 
orbicularis Lighting Sub-Division, it is adjusting the vertical angle of a four-sided pyramid, and can adjust to arbitrary positions. 
[0055]The light flux adjustment device 1 1 d shown in drawing 3 (D) is an explanatory view of the outer diameter of the light flux 
adjustment device for forming the effective light source which has intensity distribution, though intensity distribution is discretely as 
weak as a quadrupole into not a strong effective light source but other portions of a quadrupole. 

[0056]The light flux adjustment device of drawing 3 (D) makes common the concave of the prism component of the light flux 
adjustment device 1 1c of drawing 3 (C), and the peak of a convex. The intensity distribution of the light flux which enters into the eye 
5 of a fly by this becomes as [ showed / in drawing 14 ] . 

[0057]At this embodiment, as explained above, it is not necessary to adjust other optical members in particular, and deformation 
illumination with high efficiency is made possible in the lighting system using the light flux mixing means 3 and the multi luminous flux 
generator 5 only by inserting the light flux adjustment device 1 1 corresponding to desired effective light source distribution 
immediately after the light flux mixing means 3. 

[0058]By insertion of a light flux regulation means, although the light path length between a light flux mixing means and a condenser 
changes, Therefore, when inconvenience arises in an illumination system, also at the time of usual Lighting Sub-Division which does 
not use a light flux regulation means, abbreviation etc. are considered as a light flux regulation means, it is, and light path length's 
parallel plate is inserted, and at the time of deformation illumination, it may constitute so that it and a light flux regulation means may 
be exchanged. 

[Q059] Drawing 1 5 is some important section schematic views of Embodiment 2 of the lighting system of this invention. 

[0060]This embodiment differs in the point which provided and constituted the diffraction optical elements 1 1 1 and 1 1 2 in the surface 

and rear surface of the plane-parallel plate 111a instead of the prism component of prescribed shape as the light flux adjustment 

device 1 1 (1 1 e, 1 1f) compared with Embodiment 1 of drawing 1 , and other composition is the same. 

[0061]The same code number is given to the same element as the element shown by drawing 1 among the figure. 

[0062]this embodiment — Embodiment 1 — the same — near emitting end 3b of the light flux mixing means optical pipe 3 — 

attachment and detachment — the light flux adjustment devices lie and 1 1f are formed exchangeable — moreover — the same — 

near emission face 5b of the eye 5 of a fly — attachment and detachment — the exchangeable diaphragms 12e and 12f are 

established. 

[0063]The light flux adjustment devices 1 1 e and 1 1f provide and constitute the diffraction optical elements 111 and 112 respectively 
in the surface and rear surface of the plane-parallel plate 1 1 1 a, as shown in drawing 16 . 

[0064] Drawing 1 6 shows the schematic view and some enlarged drawings in the section having contained optic-axis La of the light 
flux adjustment device 1 1 e. The blazed form of the light flux adjustment device 1 1 e is as having been shown in the enlarged drawing in 
a figure. That is, the diffraction optical element 1 1 1 has the operation which makes an optic axis and a counter direction diffract light, 
when light enters vertically. On the other hand, the diffraction optical element 112 has the operation which makes light diffract to the 
optic-axis La side, when light enters vertically. 

[0065]Supposing the light flux adjustment device 1 1 e is a light flux adjustment device which forms for example, zona-orbicularis 
Lighting Sub-Division, the phase distribution of the diffraction optical elements 111 and 112 will serve as a diffraction optical element 
which comprises a pattern of the concentric circle shape centering on an optic axis as shown in drawing 17 . 

[0066]Supposing the light flux adjustment device 1 1e is a light flux adjustment device which forms quadrupole Lighting Sub-Division, 
the phase distribution of the diffraction optical elements 111 and 112 will serve as a diffraction optical element arranged so that it 
may intersect perpendicularly with the pattern which aajoins a linear shape pattern, as shown in drawing 18 . 
[0067]Supposing the light flux adjustment device 1 1e is a light flux aajustment device which forms the effective light source 
distribution shown in drawing 14 , The diffraction optical elements 111 and 112 turn into a diffraction optical element of the form kept 
from having a diffraction operation from what comprised a linear shape diffracted-light study lattice of drawing 1 8 in the center 
section containing optic-axis La, as shown in drawing 19 . 

[0068]At this embodiment, various deformation illuminations are efficiently formed by ac(justing distribution of the light flux which 
enters into the eye 5 of a fly by these diffraction optical elements. As Embodiment 1 described, when the intensity distribution on the 
entrance plane 5a of the eye 5 of a fly has a slope like Gaussian distribution, extract near the eye 5 emission-face 5b of a fly, provide 
12, it is made to change to compensate for change of the light flux adjustment device 11, and the effective light source distribution of 
desired form is formed. 

[0069]As explained above, only by inserting the light flux adjustment device 1 1 corresponding to desired effective light source 
distribution immediately after the light flux mixing means 3 in the lighting system using the light flux mixing means 3 and the multi 
luminous flux generator 5 also in Embodiment 2, It is not necessary to adjust other optical members in particular, and deformation 
illumination with high efficiency is made possible. 

[0070]Furthermore, since the light flux adjustment device 1 1 of Embodiment 1 comprised a prism component, in the case of the 
effective light source distribution for which it asked, it had processed the prism component based on it. On the other hand, since the 
light flux adjustment device is constituted using a diffraction optical element in this embodiment, if it is a range which micro 
processing for having a function as a diffraction optical element allows, any light flux aajustment devices can be created easily. 
[0071]as shown in drawing 1 6 at that time, it is desirable from points, such as efficiency and a manufacture error, to form as a binary 
optical element which uses optical lithography technology, and considering efficiency, it is desirable to consider it as the binary optical 
element of eight or more levels. 
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[0072] Drawing 20 is some important section schematic views of Embodiment 3 of the lighting system of this invention. 

[0073]It differs in that this embodiment carries out the placed opposite of the two components 1 1 1 b and 1 1 2 which formed the 

diffraction optical element 111 (1 1 2) in the whole surface of the plane-parallel plate 1 1 1 a (1 1 1 b) as the light flux adjustment device 

11, and constitutes them compared with Embodiment 2 of drawing 1 5 , and other composition is the same. 

[0074]The same code number is given to the same element as the element shown by drawing 15 among the figure. 

[0075]this embodiment — Embodiment 2 — the same — near emitting end 3b of the light flux mixing means (optical pipe) 3 — 

attachment and detachment — the light flux adjustment devices 1 1g and 1 1h are formed exchangeable — moreover — the same — 

near emission face 5b of the eye 5 of a fly — attachment and detachment — the exchangeable diaphragms 12g and 12h are 

established. 

[0076]Respectively, as shown in drawing 21 , the light flux ac|justment devices 11g and 1 1 h carry out the placed opposite of the 
components 1 1 1 b and 1 1 2b which formed the diffraction optical elements 1 1 1 and 1 1 2 to the whole surface of the plane-parallel 
plates 111a and 1 1 2a, and constitute them on it. Drawing 21 shows the schematic view and some enlarged drawings in the section 
having contained optic-axis La of the light flux adjustment device 1 1 g. 

[0077]The light flux adjustment device 1 1g has the two diffraction optical elements 111 and 112. The composition became an 
entrance plane of the plane-parallel plate 11a, and an emission face of the plane-parallel plate 112a from a blazed ****** diffraction 
grating element. 

[0078]Since other operations and composition are the same as that of Embodiment 2, explanation is omitted. 
[0079]As explained above, only by inserting the light flux aajustment device 1 1 corresponding to desired effective light source 
distribution immediately after the light flux mixing means 3 in a lighting system using the light flux mixing means 3 and the multi 
luminous flux generator 5 also in Embodiment 3, It is not necessary to adjust other optical members in particular, and deformation 
illumination with high efficiency is made possible. 

[0080]Since a light flux adjustment device is constituted using a diffraction optical element like Embodiment 2, If it is a range which 
micro processing for having a function as a diffraction optical element allows, in that case, any light flux adjustment devices can be 
created easily, it is desirable from points, such as efficiency and a manufacture error, to form a diffraction optical element as a binary 
optical element which uses optical lithography technology, and considering efficiency, it is desirable to consider it as a binary optical 
element of eight or more levels. 

[0081]Furthermore, it separates into the two plane-parallel plates 111a of the diffraction optical elements 111 and 112, and a 112a 
component, and constitutes from this embodiment, and the part and glass thickness are reduced. 

[0082] Drawing 22 is an important section schematic view of Embodiment 4 of the lighting system of this invention, and is a schematic 
view of the lighting system used for the projection aligner of a step & repeat die or a step & scan type which manufactures devices, 
such as semiconductor chips, such as LSI and VLSI, CCD, a magnetic sensor, a liquid crystal element. It explains focusing on different 
composition from each embodiment mentioned above in Embodiment 4 below. 

[0083]201 in drawing 22 Laser light sources, such as an ArF excimer laser (wavelength of about 193 nm), and a KrF excimer laser 
(wavelength of about 248 nm), The emitting angle (it saves) degree preservation optical element from which the emitting angle of the 
light flux which 202 emits even if incident light is displaced does not change, As for 203, objects, such as a condensing optical system 
and a mask (reticle) for which a multi luminous flux generator forms a zoom optical system and 207, the condensing optical system 
was formed 208, and, as for 204, the device pattern was formed 209 a light flux mixing means and 205, to be illuminated are shown. 
AX shows the optic axis of a lighting system. 

[0084]1 1 can apply the same composition as each embodiment which is a light flux adjustment device and was mentioned above. 12 
can apply the same composition as each embodiment which is a diaphragm and was mentioned above. 

[0085]The condensing optical system 208 and the zoom optical system 205 comprise two or more lens elements fundamentally, and 
have at least one mirror for bending an optical path depending on the case. The number of lens elements may be one. The lens 
element of the plurality of two or more lens elements of especially a zoom optical system is constituted so that it may move in 
accordance with the optic axis AX with unillustrated drive mechanism, and it has changed image formation magnification by moving 
two or more lens elements to an optical axis direction by a predetermined relation, fixing the position of an image formation face. 
[0086]The light flux mixing means 204 is the optical pipeline bunch which bundled a single optical pipeline or two or more optical 
pipelines, for example. The glass rod with which an optical pipeline comprises the polygonal pyramid which cut the multiple pillar 
[ using ** material with sufficient transmissivity (quartz and fluorite) ], or vertex side to the laser beam from the laser light source 
201, The optical element of hollow like the kaleidoscope (kaleidoscope) which made each reflector meet and constituted the plane 
mirror of three or more sheets in tubed is comprised. Also in the optical element of this hollow, an outside serves as a polygonal 
pyramid which cut the multiple pillar or vertex side. It has reflectance flat [ the reflector (it is the interface with air and the inside 
reflector in the case of a hollow optical element in the case of a glass rod) in the side of an optical pipeline ], and high. The light flux 
mixing means 204 forms the surface light source (light) with uniform intensity distribution in the light emitting surface 204' or its 
neighborhood by making it spread, reflecting at least a part of incident light according to the reflector of the side, and mixing two or 
more beams of light of incident light What has the same function as the light flux mixing means 204 and this hereafter is also called 
"internal reflection type integrator." 

[0087]The multi luminous flux generator 207 consists of an eye lens, an optical fiber bundle, etc. of a fly which comprise two or more 
microlenses, and forms the surface light source (light) which divides into two or more portions the wave front of the incident light 
which entered into the light incidence face 207', and changes from two or more point light sources to the 207" of irradiation labor 
attendant or its neighborhood. The lights from two or more point light sources overlap mutually via a latter optical system, and form 
the surface light source (light) with uniform intensity distribution in a predetermined flat surface. What has the same function as the 
multi luminous flux generator 207 and this hereafter is also called "wavefront-splitting type integrator." 

[0088]The laser beam ejected from the laser light source 201 enters into the outgoing radiation outlet angle degree preservation 
optical element 202 through the light flux leading-about optical system which comprises unillustrated a mirror and a relay lens. Even if 
the emitting angle degree preservation optical element 202 comprises the aperture 221 and the lens system 222 as shown in drawing 
23 (A), an incoming beam is displaced within limits which tend to intersect perpendicularly with the optic axis AX and it changes from 
the light flux 227 to the state of the light flux 228, The degree phi of emitting angle of the light flux ejected from the emitting angle 



http://ww4.ipdl.inpit.go^ 4/4/2011 



JP,1 1-054426,A [DETAILED DESCRIPTION] 



Page 6 of 1 1 



degree preservation optical element 202 (difference angle) has fixed character. 

[0089]The eye lens of the fly which comprises two or more microlenses 223 as shown in drawing 23 (B) may constitute the emitting 
angle degree preservation optical element 202. In this case, it depends for the degree phi of emitting angle on the form of a microlens. 
Even if an incoming beam is displaced within limits which tend to intersect perpendicularly with the optic axis AX and the optical 
element 202 of drawing 23 (B) also changes from the light flux 227 to the state of the light flux 228, its degree phi of emitting angle of 
the light flux emitted from the emitting angle degree preservation optical element 202 (difference angle) is constant. Wavefront- 
splitting type integrators other than the eye lens of a fly can apply as the emitting angle degree preservation optical element 202. 
[0090]It is once condensed before an internal reflection type integrator by the condensing optical system 203, and the light flux (it is 
the multi luminous flux in the case of the eye lens of a fly) ejected from the emitting angle degree preservation optical element 202 
with the degree phi of emitting angle enters by an emanating state in the internal reflection type integrator 204 after that Carrying 
out a multiple echo in respect of the internal reflection, the sending light bunch which entered into the internal reflection type 
integrator 204 passes an inside, and forms two or more virtual images (apparent light source image) of the laser light source 201 in a 
flat surface vertical to the optic axis AX. Therefore, in irradiation labor attendant 204' of the internal reflection type integrator 204, 
since two or more light flux which is in sight as if it ejected from the virtual image of these plurality is piled up mutually, the 
illuminance distribution in irradiation labor attendant 204' becomes uniform. This phenomenon is explained later using drawing 25 . 
[0091]An angle of divergence (it is dependent on the emitting angle degree preservation optical element 202 and the condensing 
optical system 203) of a laser beam when entering into the internal reflection type integrator 204, If form of the internal reflection 
type integrator 204 is determined considering width (path) as the length of the internal reflection type integrator 204, It can set up 
more than coherence length with optical path length difference of each laser beam which comes out of each virtual image and enters 
into the object 209 to be illuminated peculiar to a laser beam, and generating of a speckle on the object 209 to be illuminated can be 
suppressed by carrying out by reducing temporal coherence of a laser beam. Now, the surface light source (light) with uniform 
illuminance distribution (light intensity distribution) which returned to drawing 22 and was formed in light emitting surface 204' of the 
internal reflection type integrator 204, For desired magnification, expansion image formation will be carried out by the zoom optical 
system 205 via the light flux adjustment device 1 1 on light incidence face 207' of the wavefront-splitting type integrator 207, and the 
uniform light source image 206 will be formed on light incidence face 207'. 

[0092]If the uniform light source image 206 is formed on light incidence face 207', light intensity distribution of light incidence face 
207' will be transferred by 207 " of irradiation labor attendants of the wavefront-splitting type integrator 207 as it is, The surface light 
source with uniform light intensity distribution which each intensity comprises from many mutual almost equal point light sources is 
formed in 207" of irradiation labor attendant, or its neighborhood. 

[0093]Since each light flux ejected from many point light sources of 207" of irradiation labor attendant or its neighborhood illuminates 
an object according to the condensing optical system 208 via the diaphragm 12 so that it may overlap mutually on the object 209 to 
be illuminated, illuminance distribution of the illuminating object 209 whole becomes uniform. 

[0094]The above-mentioned "desired magnification" is magnification to which a size of the uniform light source image 206 is set so 
that the difference angle (the degree of emitting angle) alpha of an irradiation light bunch which enters into the irradiated object 209 
may become the optimal value for exposure, In the case of a mask (reticle) etc. in which an object to be illuminated has a minute 
pattern, this "desired magnification" is changed according to a kind (size of the minimum pattern line width) of mask pattern. 
[0095]When setting "desired magnification" to m, the light incidence side numerical aperture of the zoom optical system 205 
depending on the difference angle (the degree of emitting angle) beta of light flux emitted from the internal reflection type integrator 
204 NA', NA -m-NA" will be materialized if the optical outgoing radiation side numerical aperture of the zoom optical system 205 
depending on the difference angle (the degree of incidence angle) theta of light flux which enters into the wavefront-splitting type 
integrator 207 is made into NA". Here, as for a size of the angle theta, it is desirable from a viewpoint of utilization efficiency of 
illumination light that it is a range which does not exceed the light incidence side numerical aperture NA of the wavefront-splitting 
type integrator 207, and is the value possible nearest to this numerical aperture NA. 

[0096]Therefore, in the lighting system of this example, the value of the angle theta is not based on the value change of the 
magnification m, but is always made to be set as the optimal angle which suited the incidence side numerical aperture of the 
wavefront-splitting type integrator 207. 

[0097]That is, the conditions of exposure of the kind of mask, etc. change, and when changing to such an extent that the value of the 
optimal magnification m of the zoom optical system 205 cannot be disregarded, the utilization efficiency of the illumination light is 
kept from falling by changing the value of the difference angle beta of the light flux emitted from the internal reflection type integrator 
204. If the optimal magnification m for exposure of some conditions is decided, based on (1) type, the optimal angle of the difference 
angle beta of the light flux emitted from the internal reflection type integrator 204 (the degree beta of angle of emergence) will 
determine suitably. 

[0098]It uses that the degree phi of incidence angle depends for the lighting system of this example on the difference angle (the 
degree of emitting angle) epsilon of the light flux from the emitting angle degree preservation optical element 202 equally to the 
degree phi of incidence angle of the light flux by which the value of the angle beta enters into the internal reflection type integrator 
204, By switching the emitting angle degree preservation optical element 202 to the emitting angle degree preservation optical 
element from which other degrees epsilon of emitting angle differ according to an exposing condition, the value of the angle theta is 
maintained uniformly or almost uniformly. 

[0099]The change of this emitting angle degree preservation optical element 202 is explained using drawing 24 (A) and (B). 
[0100]In drawing 24 , the degree epsilon of emitting angle of 202a (=epsilona) is a small emitting angle degree preservation optical 
element, the degree epsilon of emitting angle (=epsilonb) is a large emitting angle degree preservation optical element, and 202b points 
out the same component as the code number explained by drawing 22 about other code numbers. 

[0101]In the lighting system of the projection aligner for semiconductor chip manufactures generally, Since it is required that the 
difference angle (the degree of incidence angle) alpha of the light flux which enters into the pattern formation face of the mask 
(reticle) which is the object 209 to be illuminated should be set as an optimal angle, and the utilization efficiency (light volume) of an 
incoming beam should also be maintained highly, In the lighting system of this example, a zoom optical system and two or more 
outgoing radiation degree preservation optical elements 202 were prepared, and it has attained by performing the change of zooming 
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and an optical element if needed [, such as change of the kind of mask, ]. 

[0102]The degree alpha of incidence angle of light flux which enters into the mask 209 shows a case (this state is called state of 
"small sigma (sigma)".) where it is comparatively small, in size, minimum line width of a circuit pattern of the mask 209 comes 
comparatively, and drawing 24 (A) corresponds to a case (it is a submicron range), sigma (sigma) means a ratio (nickel/Np) of the 
several Np light incidence side opening of optical outgoing radiation side numerical aperture nickel of an illumination-light study 
system, and a projection optical system. 

[0103]In order to set up a state of this small sigma, it is necessary to carry out image formation of light emitting surface 204' (surface 
light source in there or its neighborhood) of the internal reflection type integrator 204 for small magnification on light incidence face 
207' of the wavefront-splitting type integrator 207. Although this is attained by making magnification of the zoom optical system 205 
small, as mentioned above, the degree theta of incidence angle needs to be maintained by optimal angle depending on composition of 
the wavefront-splitting type integrator 204. Then, when changing into a state of this small sigma value, change magnification of a 
zoom optical system so that it may become the magnification corresponding to a value of the degree alpha of incidence angle, and. 
The degree of emitting angle switches the emitting angle degree preservation optical element 202b whose degree of emitting angle is 
epsilonb Oepsilona) to the emitting angle degree preservation optical element 202a which is epsilona so that a value of the degree 
theta of incidence angle may be maintained by optimum value. 

[0104]The degree alpha of incidence angle of light flux which enters into the mask 209 shows a case (this state is called state of 
"large sigma (sigma)".) where it is comparatively large, and drawing 24 (B) corresponds, when minimum line width of a circuit pattern 
of the mask 209 is comparatively small (it is a submicron range). In order to set up a state of this large sigma, it is necessary to carry 
out image formation of light emitting surface 204' (surface light source in there or its neighborhood) of the internal reflection type 
integrator 204 to light incidence face 207' of the wavefront-splitting type integrator 207 for large magnification. Although this is 
attained by size attributing magnification of the zoom optical system 205 greatly, as mentioned above, the degree theta of incidence 
angle needs to be maintained by optimal angle depending on composition of the wavefront-splitting type integrator 4. Then, when 
changing into a state of this large sigma value, change magnification of a zoom optical system so that it may become the 
magnification corresponding to a value of the degree alpha of incidence angle, and. The degree of emitting angle switches the emitting 
angle degree preservation optical element 202a whose degree of emitting angle is epsilona «epsilonb) to the emitting angle degree 
preservation optical element 202b which is epsilonb so that a value of the degree theta of incidence angle may be maintained by 
optimum value. 

[0105]Here, although explanation which switches the image formation magnification of a zoom optical system and an emitting angle 
degree preservation optical element in two steps was performed, it can also constitute so that the image formation magnification of a 
zoom optical system and an emitting angle degree preservation optical element may be switched above a three-stage. Since the zoom 
optical system of the above-mentioned embodiment can change magnification continuously in the predetermined range, the 
magnification change more than a three-stage is easy, therefore can be used as it is, and the emitting angle degree preservation 
optical element should justprepare three or more kinds of emitting angle degree preservation optical elements from which a focal 
distance differs mutually. Even if it switches an emitting angle degree preservation optical element, the condensing position (absolute 
position of the real image of a light-emitting part or a virtual image which is in infinite distance in the case of this example) of the 
laser beam by them is considered as the composition maintained by approximately regulated. 

[0106]Two or more sorts of image formation optical systems from which image formation magnification differs mutually as a zoom 
optical system are prepared, and it may be made to establish one image formation optical system selectively between the two 
integrators 204 and 207. On the other hand, the zoom optical system which has two or more lenses which move to an optical axis 
direction may be used for an emitting angle degree preservation optical element. 

[0107]Next, why the illuminance distribution of irradiation labor attendant 204* of the internal reflection type integrator 204 becomes 
uniform is explained using drawing 25 . 

[0108]In drawing 25 , the internal reflection type integrator 204 presupposes that it is a hexagonal prism-like glass rod. Drawing 25 is a 
sectional side elevation including the optic axis AX. 

[0109]The laser beam from the unillustrated condensing optical system 203 once condenses to the focus P0 (image formation), and 
serves as a sending light bunch which has the angle of divergence phi after that. Since it is generally large intensity when a laser 
beam is an excimer laser beam at this time, it becomes an immense energy density and there is a possibility of destroying coating 
(antireflection film) of the light incidence face of the internal reflection type integrator 204 and the ** material itself about focal P0. 
Therefore, in such a case, its distance is kept a little from the focus P0 as a graphic display, and it arranges the internal reflection 
type integrator 204. 

[0110]After the sending light bunch which entered into the internal reflection type integrator 204 passes an inside, reflecting 
repeatedly in respect of internal reflection (what is called total internal reflection), it is emitted from the internal reflection type 
integrator 204, with the degree 2041 of angle of divergence at the time of entering maintained. Since the light flux reflected in each 
portion of the internal reflection side of the internal reflection type integrator 204 is emitting after a reflection at this time, the light 
flux reflected in each portion, The virtual image PI, P2, P3, P4, P5, P6, P7, P8, P9, and P10 are back formed as shown by the dashed 
line. Although not illustrated, in the case of the glass rod of a hexagonal prism, the same virtual-image group as the above is actually 
formed further by the remaining operation of 2 sets of internal reflection side pairs. 

[011 1]Therefore, in irradiation labor attendant 204' of the internal reflection type integrator 204, the light flux of a large number which 
are visible as if it ejected from the virtual image of these large number overlaps mutually, and illuminance distribution becomes 
uniform. 

[0112] Prawing 26 shows the figure which looked at the arrangement of the virtual-image (apparent light source image) group 
produced with the internal reflection type integrator 204 of drawing 25 f rom the irradiation labor attendant of one microlens which 
constitutes the wavefront-splitting type integrator 207, for example in arrangement of drawing 24 (A). In drawing 26 , 251 shows the 
microlens of the wavefront-splitting type integrator 207, and P1 to P10 shows the virtual image of drawing 25 . When the internal 
reflection type integrator 204 is an optical pipeline of a hexagonal prism, a virtual-image group is arranged in the shape of [ of a bee ] 
a nest, as drawing 26 shows, but when the internal reflection type integrator 204 is an optical pipeline of a square pole, a virtual- 
image group is arranged in the shape of [ rectangular ] a lattice. This virtual image is an image of the condensing point (point light 
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source) of the laser beam formed between the condensing optical system 203 and the internal reflection type integrator 204. 
[01 13]Since the emitting angle degree preservation optical elements 202a and 202b are the eye lenses (m>=2, n>=2) of the fly which 
comprises the microlens of a mxn individual as the lighting system of this example was shown in drawing 24 (A), the virtual image of 
each of virtual-image groups comprises two or more images divided into the mxn grade. Therefore, the virtual image with which these 
division two or more images were located in a line in the shape of [ of the bee ] a nest will be in sight, and these will correspond 
[ even the microlens of the wavefront-splitting type integrator 207 ]. 

[0114]Therefore, the lighting system of this example, The number of the point light sources (effective light source) at the time of 
superimposing each light flux from two or more point light sources (effective light source) formed in 207" of light emitting surface of 
the wavefront-splitting type integrator 207 or its neighborhood on the object 209 to be illuminated according to the condensing 
optical system 208, and illuminating it is made very large, It makes it possible to illuminate the object 209 so that the illuminating 
object 209 whole may serve as more uniform illuminance distribution. 

[01 15]Since the degree epsilon of outgoing radiation of the light flux from the emitting angle degree preservation optical elements 
202a and 202b is uniformly maintained even if the light flux from the laser light source 201 carries out minute displacement by 
disturbance as drawing 23 (B) explained, each of division two or more images in drawing 26 only carries out minute change — a swage 
block — there being no change in the virtual-image group which constitutes **, and, It becomes small to such an extent that there is 
almost no change when the whole virtual image in each microlens 251 of the emitting angle degree preservation optical element 202a 
and the 202b wavefront-splitting type integrator 207 is seen macroscopically, therefore the influence of the illuminance distribution 
on [ on the object 209 to be illuminated ] can also be disregarded. 

[0116]Therefore, the lighting system of this example is a system whose performance is dramatically stable, even if the laser beam 
from the laser light source 201 is displaced. The light flux adjustment device 11 and the optical effect of the diaphragm 12 are the 
same as that of each above-mentioned embodiment. 

[01 1 7]Embodiment 2 which applied the lighting system of the above-mentioned embodiment to the step & repeat die which 
manufactures devices, such as semiconductor chips, such as LSI and VLSI, CCD, a magnetic sensor, a liquid crystal element, or the 
step & scan type projection aligner is shown in drawing 27 . 

[01 18]A light flux plastic surgery optical system for 291 to operate orthopedically in drawing 27 t o the shape of beam of a request of 
the parallel pencil from the laser light source 201 of an ArF excimer laser, KrF excimer laser laser, etc.. An incoherent-ized optical 
system for 292 to make coherent laser luminous flux incoherent, the projection optical system on which 293 projects the actual size 
image or reduced image of a circuit pattern of the mask 209, and 294 show the wafer which applied sensitization material to the 
substrate (silicon and glass). The same code number as drawing 22 is given to the same component as the component shown in 
drawing 22 here, and explanation is omitted. 

[01 19]As for the laser beam from the laser light source 201, when chromatic aberration correction of the projection optical system 
293 is not carried out, half breadth of the spectral line is narrow-band-ized by about 1 pm-3pm, When chromatic aberration correction 
of the projection optical system 293 is carried out, half breadth of the spectral line is narrow-band-ized by the existing value of 10 or 
more pm. When chromatic aberration correction of the projection optical system 293 is carried out, the laser beam which is not 
narrow-band-ized may be used. 

[0120]As the projection optical system 293, the optical system constituted from the optical system, two or more lens elements, and 
diffraction optical elements, such as kino form of at least one sheet, which were constituted from the optical system, two or more 
lens elements, and the concave mirror of at least one sheet which were constituted only from two or more lens elements can be 
used. Amendment of a chromatic aberration uses two or more lens elements which comprise the ** material from which a variance 
(Abbe number) differs mutually, or it constitutes them so that distribution of a lens element and an opposite direction may produce 
the above-mentioned diffraction optical element. 

[012l]The laser beam ejected from the laser light source 201 enters into the light flux plastic surgery optical system 291 through the 
light flux leading-about optical system which comprises unillustrated a mirror and a relay lens. This light flux plastic surgery optical 
system 291 comprises two or more cylindrical lenses, beam expanders, etc., and is changed into the value of a request of the 
horizontal-to-vertical ratio of the size of the sectional shape (it is vertical to the optic axis AX) of a laser beam. 
[0122]Light flux by which sectional shape was orthopedically operated by the light flux plastic surgery optical system 291 enters into 
the incoherent-ized optical system 292 in order to prevent lights interfering on the wafer 294 and producing a speckle, and it is 
changed into incoherent light flux which a speckle does not produce easily due to the optical system 292. 

[0123]. As [ indicate /, for example / as the incoherent-ized optical system 292 / by drawing 1 of JP.H3-215930.A ] After branching 
an incoming beam in respect of light dividing to at least two light flux (for example, p-polarized light and s-polarized light), one light 
flux via an optical member. After giving optical path length difference more than coherence length of a laser beam to light flux of 
another side, an optical system provided with at least one clinch system which carries out a re-light guide to this parting plane, piles 
up with light flux of another side, and was made to be ejected can be used. 

[0124]Light flux made incoherent from the incoherent-ized optical system 292 enters into the emitting angle degree preservation 
optical element 202. By a procedure described using drawing 22 thru/or drawing 26 below, light flux emitted from each infinitesimal 
area (microlens) of the wavefront-splitting type integrator 207 superimposes the mask 209 according to the condensing optical 
system 208, and illuminates, Uniform illumination of the mask 209 is carried out so that uniform illuminance distribution may be 
acquired all over the circuit pattern which should project the mask 209. And projection imaging of the circuit pattern formed on the 
mask 209 is carried out by the projection optical system 293 on the wafer 294, and exposure of a circuit pattern (image) to 
photosensitive materials of the wafer 204 is performed. The wafer 294 is being fixed to an unillustrated XYZ movable stage by a 
vacuum absorption method etc., a XYZ movable stage has a function which carries out parallel translation before and after four 
directions of space, and the movement is controlled by length measuring machines, such as an unillustrated laser interferometer. 
Since such technology is well-known technology, detailed explanation is omitted. 

[0125]In drawing 27 , the aperture diaphragm 12 for Lighting Sub-Division is arranged in the optical outgoing radiation side optical path 
of the wavefront-splitting type integrator 207, By the diaphragm 1 2 having provided two or more aperture diaphragms corresponding 
to a mutually different sigma value in the disk (turret) etc., interlocking it with zooming of a zoom optical system, and the change of an 
emitting angle degree preservation optical element, and rotating a disk, It constitutes so that a desired aperture diaphragm may be 
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inserted according to a sigma value into the optical outgoing radiation side optical path of the wavefront-splitting type integrator 207. 
[0126]As aperture shape of two or more aperture diaphragms, four openings outside the optic axis indicated to a usual circular 
opening and annulus ring (ring)-like opening, or JP,H4-329623,A (Suzuki), etc. can be used. 
[0127]Embodiment 5 of the lighting system of this invention is described using drawing 28 a nd drawing 29. 
[0128] Drawing 28 and drawing 29 are the schematic views of a suitable lighting system for a step & scan (scan) type projection 
aligner which manufactures devices, such as semiconductor chips, such as LSI and VLSI, CCD, a magnetic sensor, a liquid crystal 
element. Only a different portion from each embodiment mentioned above in drawing 28 and drawing 29 is explained. 
[0129]The case where drawing 28 (A) and (B) has a lighting system of this example in the state of above-mentioned j>mall sigma is 
shown, (A) is the figure which looked at the lighting system from the scanning direction (it is hereafter described as "the direction of 
z".), and (B) is the figure which looked at the lighting system from the direction (it is hereafter described as a "y direction".) which 
intersects perpendicularly with a scanning direction. The case where drawing 29 (A) and (B) has a lighting system of this example in 
the state of above-mentioned large sigma is shown, (A) is the figure which looked at the lighting system from the direction of z, and 
(B) is the figure which looked at the lighting system from the y direction. 

[0130]A section including the axis prolonged in the direction of z from xy section and the optic axis AX in the section which includes 
hereafter the optic axis AX and the axis prolonged in a y direction from the optic axis AC in drawing 29 (A) and (B) is described as xz 
section. The emitting angle degree preservation optical element with which the difference angle (the degree of emitting angle) of an 
outgoing beam differs between 220a and 220b in drawing 28 and drawing 29 in XY section and XZ section, An internal reflection type 
integrator and 240' 240 The light emitting surface of an internal reflection type integrator, As for 270, the light incidence face of a 
wavefront-splitting type integrator, a light emitting surface, and 300y show a wavefront-splitting type integrator, 270', and 270 " of z 
lay length of the Lighting Sub-Division region (light) on a mask, as for the length of the y direction of the Lighting Sub-Division region 
(light) on a mask, and 300z. The same code number as drawing 24 is given to the same component as the component shown by 
drawing 22 t hru/or drawing 27 in a figure. 

[0131]The fundamental composition and function of the lighting system of this example which are shown by drawing 28 and drawing 
29, It is the same as the lighting system of said embodiment shown by drawing 22 t hru/or drawing 27 also including the modification, 
and the point of difference with the lighting system of said embodiment of the lighting system of this example is in the composition 
and the function of an emitting angle degree preservation optical element, an internal reflection type integrator, and a wavefront- 
splitting type integrator. Therefore, only a point of difference with said embodiment will be explained here. 

[0132]lt is necessary to form effectively on the mask 209 the Lighting Sub-Division region of rectangle (y direction is longer than 
direction of z) slit shape which extended in the y direction in a step & scan type projection aligner. 

[0133]Then, the section which includes the optic axis AX and the axis prolonged in a y direction from the optic axis AX as an emitting 
angle degree preservation optical element in this example, (it is hereafter described as "xy section".) — the axis prolonged in the 
direction of z is included from the focal distance, the optic axis AX, and the optic axis AX which are related — a section, (it is 
hereafter described as "xz section".) — the related focal distance as an internal reflection type integrator using the elements 220a 
and 220b which comprise a mutually different anamorphic optical system, The form of the section (it is hereafter described as "yz 
section".) which intersects perpendicularly with an optic axis uses the integrator 240 which comprises the optical pipeline of the 
square pole expressed with the straight line of the couple prolonged in a y direction, and the straight line of the couple prolonged in 
the direction of z, As a wavefront-splitting type integrator, the form of yz section of each microlens uses the integrator 270 which 
comprises the fly eye lens which is a rectangle prolonged in a y direction. 

[0134]The emitting angle degree preservation optical elements 220a and 220b, The focal distance in xy section is respectively smaller 
than the focal distance in xz section, therefore emitting angle degree epsilonay in yz section and the epsilonby of the relation of the 
difference angle (the degree of emitting angle) of the light flux seen in each section are larger than emitting angle degree epsilonaz in 
xz section, and epsilonbz. Therefore, the relations of difference angle (degree of emitting angle or degree of incidence angle) phiy of 
the illustrated light flux, phiz, betay, betaz, thetay, thetaz, gammay, gammaz, alphay, and alphaz are also phiy>phiz, betay>betaz, 
thetay>thetaz, gammay>gammaz, and alphay>alphaz. Here, since it is gammay>gammaz, on the mask 9, the Lighting Sub-Division 
region of rectangle slit shape which extended in the y direction is formed. 

[0135]Like said embodiment, depending on size of sigma, there is a relation of epsilon ay<epsilon by and epsilon az<epsilon bz, and 
there is a relation of phiy=betay and phi z=beta z depending on character of a prismatic optical pipeline. 

[0136]The emitting angle degree preservation optical elements 220a and 220b can also apply an element using what has the slit 
opening prolonged in a y direction as the diaphragm 221 of a fly eye lens and drawing 23 (A) which put in order two or more 
microlenses from which a focal distance differs along yz section in xy section and xz section in two dimensions. A microlens which 
constitutes each fly eye lens is constituted by a usual lens and a diffraction optical element (Fresnel lens). 

[0137] Drawing 30 shows a figure which looked at arrangement of a virtual-image (apparent light source image) group produced with 
drawing 28 and the internal reflection type integrator 240 of drawing 29 f rom an irradiation labor attendant of one microlens which 
constitutes the wavefront-splitting type integrator 270. In drawing 30 , 320 shows a microlens of the wavefront-splitting type 
integrator 270, and Y1 to Y12 and Z1 to Z8 shows a virtual image. 

[01 38]It passes, when drawing 30 shows, and since the internal reflection type integrator 240 is an optical pipeline of a square pole, a 
virtual-image group meets with a y direction and the direction of z, and is arranged in the shape of a lattice. Since xy section differs 
in the degree of incidence angle of the sending light bunch which enters into the internal reflection type integrator 240 mutually from 
xz section, the reflecting times in an internal reflection side differ mutually in xy section and xz section, therefore the number of 
virtual images differs in the y direction and the direction of z. This virtual image is an image of the condensing point (point light 
source) of the laser beam formed between the condensing optical system 203 and the internal reflection type integrator 240. 
[0139]Since the emitting angle degree preservation optical elements 220a and 220b are the eye lenses (m>=2, n>=2) of the fly which 
comprises the microlens of a mxn individual as the lighting system of this example was shown in drawing 28 and drawing 29 , the 
virtual image of each of virtual-image groups comprises two or more images divided into the mxn grade. Therefore, the virtual image 
with which these division two or more images were located in a line in the shape of a lattice will be in sight, and, even in the microlens 
of the wavefront-splitting type integrator 270, these will correspond. 

[0140]Therefore, the number of the point light sources (effective light source) at the time of the lighting system of this example also 
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superimposing each light flux from two or more point light sources (effective light source) formed in 207" of light emitting surface of 
the wavefront-splitting type integrator 270 or its neighborhood on the mask 209 according to the condensing optical system 208, and 
illuminating it is made very large, It makes it possible to illuminate the mask 209 so that the mask 209 whole may serve as more 
uniform illuminance distribution. 

[014l]The lighting system of this example which has the above composition as well as said embodiment, When making the state of 
small sigma, and the state of large sigma according to the kind of mask 209, etc., By switching the image formation magnification of 
the zoom optical system 205 between a small value and a big value, and switching the emitting angle degree preservation optical 
element 220a and the emitting angle degree preservation optical element 220b, It is possible regularity or to change sigma for each 
value of angle thetay and thetaz, without being able to change each value of angle alphay and alphaz and reducing the utilization 
efficiency of light, maintaining almost uniformly. Even if the laser beam from a laser light source is displaced, illumination unevenness 
does not arise on the mask 209. 

[0142]Embodiment 3 which applied the lighting system shown in drawing 31 by drawing 28 t hru/or drawing 30 t o scanning type 
exposure devices, such as a step & scan type which manufactures devices, such as semiconductor chips, such as LSI and VLSI, CCD, 
a magnetic sensor, a liquid crystal element, is shown. 

[0143]A light flux plastic surgery optical system for 291 to operate orthopedically in drawing 31 t o the shape of beam of a request of 
the light flux from the laser light sources 201 , such as an ArF excimer laser and a KrF excimer laser, An incoherentHzed optical 
system for 292 to make coherent laser luminous flux incoherent, the projection optical system on which 293 projects the actual size 
image or reduced image of a circuit pattern of the mask 209, and 294 show the wafer which applied sensitization material to the 
substrate (silicon and glass). The same code number as drawing 28 t hru/or drawing 30 is given to the same component as the 
component shown in drawing 28 thru/or drawing 30 here, and explanation is omitted. 

[0144]The laser beam ejected from the laser light source 201 enters into the light flux plastic surgery optical system 291 through the 

light flux leading-about optical system which comprises unillustrated a mirror and a relay lens. This light flux plastic surgery optical 

system 291 comprises two or more cylindrical lenses, beam expanders, etc., and is changed into the value of a request of the 

horizontal-to-vertical ratio of the size of the sectional shape (it is vertical to the optic axis AX) of a laser beam. 

[0145]The light flux by which sectional shape was orthopedically operated by the light flux plastic surgery optical system 291 enters 

into the incoherentHzed optical system 292 in order to prevent light's interfering on the wafer 294 and producing a speckle, and it is 

changed into the incoherent light flux which a speckle does not produce easily due to the optical system 292. 

[0146]As the incoherentHzed optical system 292, the above-mentioned optical system which is indicated by drawing 1 of JP.H3- 

215930.A can be used. 

[0147]The light flux made incoherent from the incoherent-ized optical system 292 enters into the emitting angle degree preservation 
optical element 220a or 220b. By the procedure described using drawing 23 t hru/or drawing 26 in the first embodiment below, and the 
same procedure. From each infinitesimal area (microlens) of the wavefront-splitting type integrator 270, the emitted light flux 
superimposes the mask 209 according to the condensing optical system 208, and illuminates, and uniform illumination of the mask 209 
is carried out so that uniform illuminance distribution may be acquired all over the circuit pattern which should project the mask 209. 
At this time, the Lighting Sub-Division region (light) of rectangle slit shape extended to a y direction is formed on the mask 209. And 
projection imaging of the portion in which said Lighting Sub-Division region of the circuit patterns formed on the mask 209 was 
formed is carried out by the projection optical system 293 on the wafer 294, and exposure of the circuit pattern (image) to the 
photosensitive materials of the wafer 294 is performed. 

[0148]The wafer 294 is being fixed to the XYZ movable stage movable for [ of unillustrated xyx ] all directions by the vacuum 
absorption method etc., The mask 209 is also being fixed to the XYZ movable stage movable for [ of unillustrated xyx ] all directions 
by the vacuum absorption method etc., and movement of each XYZ movable stage is controlled by length measuring machines, such 
as an unillustrated laser interferometer. And by moving each XYZ movable stage to the end of the circuit pattern part of the mask 
209, where the Lighting Sub-Division region of rectangle slit shape is formed, scanning the mask 209 in the direction of z, and 
scanning the wafer 294 in the direction of -z, The whole circuit pattern of the mask 209 is projected on the wafer 294, and the whole 
circuit pattern is transferred on the wafer 294. The projecting magnification of the projection optical system 293 of the scan speed of 
the wafer 294 is -MxV when the scan speed of M and the mask 209 is V. 

[0149] Drawing 32 is a flow chart of the manufacturing method of the devices (semiconductor chips, such as IC and LSI, or a liquid 
crystal panel, CCD, etc.) of this invention. This is explained. 

[0150]The circuit design of a semiconductor device is performed at Step 1 (circuit design). 

[0151]The mask in which the designed circuit pattern was formed is manufactured at Step 2 (mask manufacture). On the other hand, 
at Step 3 (wafer manufacture), a wafer is manufactured using materials, such as silicon. 

[0152]Step 4 (wafer process) is called a previous process, and forms a actual circuit on a wafer with a lithography technology using 
the mask (reticle) and wafer (the 2nd object) which formed the prepared aforementioned circuit pattern (the 1 st object) using the 
exposure device of this invention. 

[0153]Step 5 (assembly) is called a post process, is a process semiconductor-chip-ized using the wafer produced by Step 4, and 
includes processes, such as an assembly process (dicing, bonding) and a packaging process (chip enclosure). 

[0154]At Step 6 (inspection), the operation confirming test of the semiconductor device produced at Step 5, an endurance test, etc. 
are inspected. A semiconductor device is completed through such a process and this is shipped (Step 7). 
[0155] Drawing 33 is a flow chart of the above-mentioned wafer process. 
[0156]The surface of a wafer is oxidized at Step 1 1 (oxidation). 
[0157]An insulator layer is formed in a wafer surface at Step 12 (CVD). 

[0158]At Step 13 (electrode formation), an electrode is formed by vacuum evaporation on a wafer. 

[O159]lon is driven into a wafer at Step 14 (ion implantation). 

[0160]A sensitizing agent is applied to a wafer at Step 15 (resist process). 

[016l]At Step 1 6 (exposure), printing exposure of the circuit pattern of a reticle is carried out with the exposure device of this 
invention at a wafer. * 

[0162]The exposed wafer is developed at Step 17 (development). 
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[0163]Portions other than the developed resist are shaved off at Step 18 (etching). 

[0164]The resist which etching ended and became unnecessary is removed at Step 19 (resist removing). 

[0165]A circuit pattern is formed on a wafer by carrying out by repeating these steps multiplex. 

[01 66]lf the manufacturing method of this embodiment is used, a semiconductor device can be manufactured conventionally in a short 

time. 

[0167] 

[Effect of the Invention]According to this invention, the change of illumination and a deformation illumination method is usually easy 
by setting up each element as mentioned above, And an irradiated plane can be uniformly illuminated by high illumination efficiency, 
and the manufacturing method of the lighting system which can manufacture easily the device which is the degree of high integration 
and the projection aligner using it, and a device can be attained. 

[0168]Especially according to this invention, the change of Lighting Sub-Division and deformation illumination can usually be easily 
realized for taking the light flux adjustment device of various composition in and out immediately after a light flux mixing means, and 
the effect of being able to use illumination luminous flux at high efficiency is acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section schematic view of Embodiment 1 of the lighting system of this invention 

[Drawing 2] The important section schematic view of Embodiment 1 of the projection aligner using the lighting system of this invention 

[Drawing 3] The schematic view of the light flux adjustment device concerning this invention 
[Drawing 4] The schematic view of the diaphragm adjustment means concerning this invention 

[Drawing 5] The schematic view of the illuminance distribution in the entrance plane of the eye of the fly concerning this invention 
[Drawing 6] The schematic view of the illuminance distribution in the entrance plane of the eye of the fly concerning this invention 
[Drawing 7] The explanatory view which expresses the effective light source at the time of shading unnecessary light with the 
diaphragm concerning this invention 

[Drawing 8] The schematic view at the time of exchanging the light flux adjustment device concerning this invention 
[Drawing 9] The schematic view of the illuminance distribution in the eye entrance plane of the fly concerning this invention 
[Drawing 10] The schematic view of the illuminance distribution in the eye entrance plane of the fly concerning this invention 
[Drawing 11] The explanatory view which expresses the effective light source at the time of shading unnecessary light with the 
diaphragm concerning this invention 

[Drawing 12] The schematic view of the illuminance distribution in the eye entrance plane of the fly in quadrupole Lighting Sub- 
Division concerning this invention 

[Drawing 13] The explanatory view which expresses the effective light source at the time of shading unnecessary light with the 
diaphragm concerning this invention 

[Drawing 1 4] The explanatory view of the effective light source distribution concerning this invention 
[Drawing 15] Some important section schematic views of Embodiment 2 of the lighting system of this invention 
[Drawing 1 6] The schematic view of the light flux adjustment device concerning this invention 

[Drawing 1 7] The explanatory view of the phase distribution of the diffraction optical element as a light flux adjustment device 
concerning this invention 

[Drawing 1 8j The explanatory view of the phase distribution of the diffraction optical element as a light flux adjustment device 
concerning this invention 

[Drawing 1 9] The explanatory view of the phase distribution of the diffraction optical element as a light flux adjustment device 
concerning this invention 

[Drawing 20] Some important section schematic views of Embodiment 3 of the lighting system of this invention 

[Drawing 2t] The schematic view of the light flux adjustment device concerning this invention 

[Drawing 22] The schematic view showing Embodiment 4 of the lighting system of this invention 

[Drawing 23] The schematic view showing two examples of an emitting angle degree preservation optical element 

[Drawing 24] The explanatory view about the change of an emitting angle degree preservation optical element 

[Drawing 25] The explanatory view about the function of an internal reflection type integrator 

[Drawing 26] The explanatory view showing the virtual-image group formed by drawing 22 t hru/or the internal reflection type 
integrator 204 of drawing 25 

[Drawing 27] An exposure device which carries the lighting system of drawing 22 in the schematic view showing Embodiment 2 of the 
exposure device of this invention 

[Drawing 28] An equipment configuration figure [ in / in the schematic view showing Embodiment 5 of the lighting system of this 
invention / the state of small sigma ] 

[Drawing 29] An equipment configuration figure [ in / in the schematic view showing Embodiment 5 of the lighting system of this 
invention / the state of large sigma ] 

[Drawing 30] The explanatory view showing the virtual-image group formed by drawing 28 and the internal reflection type integrator 
240 of drawing 29 

[Drawing 31] The exposure device figure which carries the lighting system which drawing 28 and drawing 29 show in the schematic 

view showing Embodiment 3 of the exposure device of this invention 

[Drawing 32] The flow chart of the manufacturing method of the device of this invention 

[Drawing 33] The flow chart of the manufacturing method of the device of this invention 

[Drawing 34] The important section schematic view of the conventional lighting system 

[Drawing 35] Some explanatory views of drawing 24 

[Drawing 36] Some explanatory views of drawing 24 

[Drawing 37] Some explanatory views of drawing 24 

[Explanations of letters or numerals] 

1 Mercury-vapor lamp (light source) 
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2 Elliptical mirror 

3 Light flux mixing means 

4 Condenser 

5 Multi luminous flux generator 

6 Irradiation means 

7 Irradiated plane (reticle) 

10 Condensing optical system 

1 1 Light flux adjustment device 

12 Diaphragm 

24 Projection lens 

25 Sensitized substrate 

201 Laser light source 

202 Angle-of-emergence degree preservation optical element 

203 Condensing optical system 

204 Internal reflection type integrator 

205 Zoom optical system 

207 Wavefront-splitting type integrator 

208 Condensing optical system 

209 Mask 

293 Projection optical system 

294 Wafer 
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[Drawing 13] 
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[Kind of official gazette]Printing of amendment by regulation of Patent Law Article 1 7 of 2 
[Section Type] The 2nd Type of the part VII gate 
[Publication date]Heisei 13(2001) April 1 3 (2001 .4.1 3) 

[Publication No.]JP,1 1 -54426.A 

[Date of Publication]Heisei 1 1(1999) February 26 (1999.2.26) 
[Annual volume number] Publication of patent applications 11-545 
[Application number] Japanese Patent Application No. 9-221 948 
[The 7th edition of International Patent Classification] 

H01L 21/027 

G03F 7/20 521 
[FI] 

H01L 21/30 515 D 

G03F 7/20 521 

H01L 21/30 503 Z 
[Written Amendment] 

[Filing date]Heisei 11(1999) December 2 (1999.12.2) 
[Amendment 1] 

[Document to be Amended]Description 
[Item(s) to be AmendedjCIaims 
[Method of Amendment]Change 
[Proposed Amendment] 
[Claim(s)] 

[Claim 1]A light source. 

A condensing optical system which condenses light flux from this light source. 

A light flux mixing means which mixes and ejects light flux from this condensing optical system, a multi luminous flux generator which 
generates much partial luminous flux using an outgoing beam from this light flux mixing means, and an irradiation means which 
irradiates with an irradiated plane where light flux from this multi luminous flux generator is piled up. 

A light flux adjustment device which is the lighting system provided with the above and adjusts luminous energy distribution in an 
entrance plane of this multi luminous flux generator near the emission face of this light flux mixing means was provided. 

[Claim 2]A lighting system of Claim 1 having set up an optical system arranged between said light flux mixing means and said multi 
luminous flux generator, and become approximately conjugate according to this optical system about an emission face of this light flux 
mixing means, and an entrance plane of this multi luminous flux generator. 

[Claim 3] Claim 1, wherein said light flux mixing means has an optical pipe, or a lighting system of Claim 2. 

[Claim 4]Claim 1 provided with an optical member which said light flux adjustment device has a concave conic surface in the light 
incidence face side, and has a convex conic surface in the light emitting surface side , Claim 2, or a lighting system of Claim 3. 
[Claim 5]Claim 1 provided with an optical member which said light flux adjustment device has a concave polygonal-pyramid side in the 
light incidence face side, and has a convex polygonal-pyramid side in the light emitting surface side , Claim 2, or_a lighting system of 
Claim 3. 

[Claim 6]Claim 1 provided with an optical member which said light flux adjustment device has a poiygonal-pyramid side of a concave 
surface which cut the neighborhood of a vertex in respect of being level to an optic axis in the light incidence face side, and has a 
polygonal-pyramid side of a convex which cut the neighborhood of a vertex in respect of being level to an optic axis in the light 
emitting surface side , Claim 2, or_a lighting system of Claim 3. 

[Claim 7]Claim 1 , wherein said light flux adjustment device has two diffraction optical elements which have zona-orbicularis-like phase 
distribution. Claim 2, or a lighting system of Claim 3. 

[Claim 8]Said light flux ac|justment device has the substrate which provided a diffraction optical element in the whole surface. The 
surface integral rate of this diffraction optical element is carried out to many fields on this whole surface, and a diffraction optical 
element of each field is formed from a linear shape pattern, Claim 1 the diffraction directions of light flux by a diffraction optical 
element of each field differing mutually, and forming strong light intensity distribution in a discrete position on said multi luminous flux 
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generator [ else ], Claim 2, or a lighting system of Claim 3. 

[Claim 9]Claim 1 having provided two or more light flux adjustment devices in which it was made for luminous energy distribution on 
an entrance plane of said multi luminous flux generator to differ, and having set up one of light flux adjustment devices of this plurality 
selectable into an optical path thru/or a lighting system of Claim 8 given in any 1 clause. 

[Claim 10]Claim 1, wherein said multi luminous flux generator has an eye of a fly thru/or a lighting system of Claim 9 given in any 1 
clause. 

[Claim 1 1]Claim 1 having established a diaphragm from which aperture shape differs according to a kind of said light flux adjustment 
device exchangeable near the emission face of said multi luminous flux generator thru/or a lighting system of Claim 10 given in any 1 
clause. 

[Claim 12]A projection aligner projecting a pattern of a reticle on an exposed substrate according to a projection optical system using 
a lighting system of Claim 1 thru/or Claim 1 1 given in any 1 clause. 

[Claim 1 3] A pattern of a reticle is projected on an exposed substrate according to a projection optical system using a lighting system 
of Claim 1 thru/or Claim 1 1 given in any 1 clause, A projection aligner exposing this exposed substrate by a pattern of this reticle by 
synchronizing both sides of this reticle and this exposed substrate with an optic axis and a perpendicular direction of this projection 
optical system with a velocity ratio made equivalent to projecting magnification of this projection optical system, and scanning t hem. 
[Claim 14] A manufacturing method of a device including a stage which exposes a wafer by a circuit pattern of a reticle using a 
projection aligner of Claim 1 2 or Claim 1 3, and a stage of developing a this exposed wafer . 
[Amendment 2] 

[Document to be AmendedjDescription 
[Item(s) to be Amended]0026 
[Method of AmendmentjChange 
[Proposed Amendment] 
[0026] 

[Means for solving problem]The condensing optical system in which the lighting system of invention of Claim 1 condenses the light 
flux from a light source and this light source, The light flux mixing means which mixes and ejects the light flux from this condensing 
optical system, and the multi luminous flux generator which generates much partial luminous flux using the outgoing beam from this 
light flux mixing means, It is characterized by providing the light flux adjustment device which adjusts the luminous energy distribution 
in the entrance plane of this multi luminous flux generator near the emission face of this light flux mixing means in the lighting system 
which has an irradiation means which irradiates with an irradiated plane where the light flux from this multi luminous flux generator is 
piled up. 
[Amendment 3] 

[Document to be Amended]Description 
[Item(s) to be Amended]0027 
[Method of Amendment]Change 
[Proposed Amendment] 

[0027]lt is characterized by having set up invention of Claim 2 the optical system arranged between said light flux mixing means and 
said multi luminous flux generator, and become approximately conjugate according to this optical system in invention of Claim 1, about 
the emission face of this light flux mixing means, and the entrance plane of this multi luminous flux generator. Invention of Claim 3 is 
characterized by said light flux mixing means having an optical pipe in Claim 1 or invention of 2 . 1t is characterized by providing 
invention of Claim 4 with the optical member which said light flux adjustment device has a concave conic surface in the light 
incidence face side, and has a convex conic surface in the light emitting surface side in invention of Claim 1 , 2, or 3. It is 
characterized by providing invention of Claim 5 with the optical member which said light flux adjustment device has a concave 
polygonal-pyramid side in the light incidence face side, and has a convex polygonal-pyramid side in the light emitting surface side in 
invention of Claim 1 , 2, or 3 . 1t is characterized by providing invention of Claim 6 with the optical member which said light flux 
adjustment device has a polygonal-pyramid side of the concave surface which cut the neighborhood of a vertex in respect of being 
level to an optic axis in the light incidence face side in invention of Claim 1, 2, or 3, and has a polygonal-pyramid side of the convex 
which cut the neighborhood of a vertex in respect of being level to an optic axis in the light emitting surface side. As for invention of 
Claim 7, in invention of Claim 1, 2, or 3, said light flux adjustment device is characterized by having two diffraction optical elements 
which have zona-orbicularisHike phase distribution. Invention of Claim 8 has the substrate with which said light flux adjustment 
device provided the diffraction optical element in the whole surface in invention of Claim 1, 2, or 3 , The surface integral rate of this 
diffraction optical element is carried out to many fields on this whole surface, and the diffraction optical element of each field is 
formed from the linear shape pattern, The diffraction directions of the light flux by the diffraction optical element of each field differ 
mutually, and it is characterized by forming strong, light intensity distribution in the discrete position on said multi luminous flux 
generator [ else ]. It is characterized by invention of Claim 9 having provided two or more light flux adjustment devices in which it was 
made for the luminous energy distribution on the entrance plane of said multi luminous flux generator to differ in invention of any 1 
clause of 8 from Claim 1, and having set up one of the light flux adjustment devices of this plurality selectable into an optical 
path . Invention of Claim 1 0 is characterized by said multi luminous flux generator having an eye of a fly in invention of any 1 clause of 
9 from Claim 1 . Invention of Claim 1 1 is characterized by having established the diaphragm from which aperture shape differs in 
invention of any 1 clause of 10 according to the kind of said light flux adjustment device near the emission face of said multi luminous 
flux generator from Claim 1 exchangeable. 
[Amendment 4] 

[Document to be Amended]Description 
[Item(s) to be Amended]0028 
[Method of Amendment]Change 
[Proposed Amendment] 

[0028]It is characterized by the projection aligner of invention of Claim 12 projecting the pattern of a reticle on an exposed substrate 
according to a projection optical system using the lighting system of 11 given in any 1 clause from Claim 1. The projection aligner of 
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invention of Claim 1 3 projects the pattern of a reticte on an exposed substrate according to a projection optical system using the 
lighting system of 1 1 given in any 1 clause from Claim 1 , It is characterized by exposing this exposed substrate by the pattern of this 
reticle by synchronizing the both sides of this reticle and this exposed substrate with the optic axis and perpendicular direction of 
this projection optical system with the velocity ratio made equivalent to the projecting magnification of this projection optical system, 
and scanning them. 
[Amendment 5] 

[Document to be Amended]Description 
[Item(s) to be Amended]0029 
[Method of Amendment] Change 
[Proposed Amendment] 

[0029]It is characterized by the manufacturing method of the device of invention of Claim 14 including the stage which exposes a 
wafer by the circuit pattern of a reticle using Claim 1 2 or the projection aligner of 13, and the stage of developing the this exposed 
wafer 

[Amendment 6] 

[Document to be Amended]Description 
[Item(s) to be Amended]0077 
[Method of Amendment]Change 
[Proposed Amendment] 

[0077]The light flux adjustment device 1 1g has the two diffraction optical elements 11 1 and 1 12. The composition became an 
entrance plane of the plane-parallel plate 111a , and an emission face of the plane-parallel plate 112a from the blazed ****** 
diffraction grating element 
[Amendment 7] 

[Document to be Amended]Description 
[Item(s) to be Amended]0124 
[Method of Amendment]Change 
[Proposed Amendment] 

[0124]The light flux made incoherent from the incoherent-ized optical system 292 enters into the emitting angle degree preservation 
optical element 202. By the procedure described using drawing 22 thru/or drawing 26 below, the light flux emitted from each 
infinitesimal area (microlens) of the wavefront-splitting type integrator 207 superimposes the mask 209 according to the condensing 
optical system 208, and illuminates, Uniform illumination of the mask 209 is carried out so that uniform illuminance distribution may be 
acquired all over the circuit pattern which should project the mask 209. And projection imaging of the circuit pattern formed on the 
mask 209 is carried out by the projection optical system 293 on the wafer 294, and exposure of the circuit pattern (image) to the 
photosensitive materials of the wafer 294 is performed. The wafer 294 is being fixed to the unillustrated XYZ movable stage by the 
vacuum absorption method etc., a XYZ movable stage has a function which carries out parallel translation before and after the four 
directions of space, and the movement is controlled by length measuring machines, such as an unillustrated laser interferometer. 
Since such technology is well-known technology, detailed explanation is omitted. 



[Translation done.] 
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1 l<0^fc£*>-£TgK3-£T. J5rSOJEMKtf)lF3&* 
I/O**. 

[0069] fcLLBMH Lfc 4 3 . HJfcJBll2 fcfcv *T 

[ o o 7 o ] $ cutras i ^ftrnffflg^s 1 1 ar 

^co^za^x^tuzm^xrvXA^ita 
xtx^ti. ztiizttix*mmmz)5^ximifQt 
¥m?zm^xftmm&*mffitfiix^z>nx\ m 



[007 1 ] -tOTPBHl 6C^Lfc«K:, 3KUV^57 

*. 4 fc 8 K/HJJiCOv <-f ^ >J fcfiita'a 

[ 0 0 7 2 ] 02 Oli*$WJ^WeB^3SiBB»30> 
-$ttO)g«&0T**>£. 
[0073] *H»®(40 1 5 DHWBJII 2 fcit* 

t, mmmm 1 1 ltwwi nam 
i b ) <ry-m£.mft%&m=f-\ 1 1 (112) twtfc 

2o«awl l lb. l 1 2MfWBlLTllKl/0> 
[ 0 0 7 4 ] 04", 0 1 5?>j*LfcB#i: HHBRWi 

[0075] ^■mmm\m j mm.2 1 mm. 

#s ( jfTf ^ a/^ u r ) 3 oaatai 3 b ismzmtt 

xmrnzmmmmzi u, 11 h*<f&w<^iT*i 

0, *^|3|^CAX<Og5<OtiJfltiB5big^t{»IK35 
apnfcSrR 9 1 2 g . 1 2 h &mt>tix ^l. 

[0076] mmm^m 1 g. iihii^,i2 

1 t^«t a CfffTIS Ilia. 112 aco-fflt 

mtftmxTi 11,1 1 2*wtfctwi 1 1 b. 1 

1 2b£»fiffiBLTfflJ3cUO>*>. BI2 i<i%*HB 

1 g^«La^^filffHT-(7)«B&0t. 
HH5Otfc*:0£^l/Ov&. 

[0077] jKjens^a 1 1 g^^comx&m? 

Ill, 11 2«r*UT^S. *<^«ttWPH«l 

I aOAttffitW^ffi^l 1 2 a(0Jii»tHtC7'l^-X 

[0078] ^-wffio^ffl^jsttietBKJBi 2 k mx- 
hh<r>xmm'-&<. 

[0079] cium Lfc i a t , utigen 3 icavvc 

\za\rc. mm<nim%Mttmzftmuz%%im&m 

I I *3esa^*S3<oaat»A'ti«fttT. max 

[0080] *fcJttH0IB2 1 RaMcEHrfJt^JR^Srffl 

ix<nfflfott?it:it>(Dmmx.tfft-t mmx-hh 

AM t V X&ttk IXBtittl Z k tfjtfr*9BB2t& 

9<r>j&frt>mzi<. ttitmi^tik8UKj\,&± 
[0081]$ hizxmmmx'temx^m? 1 1 

K 1 1 2<T)2r>Wfi s ?\mi 1 1 a. 112agi!W 
[ 0 0 8 2 ] 0 2 2 (i*f^a!Ri^Ka?tt£glB4 O 
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WWMfflTC. LSI *5>V L S I tftVNiftf - -v r*, 
CCD, dm-fey^, «ft*^IW>TA'-fxSr«J!rt- 

!>, xf yT&u f-hS-^xf-^r&x^A-ys^ 

JBHS 4 fcjs tifra L fc£HtSJ$B! fc *Sr o X \ > £ ffi 

[0 0 83] 02 2Ci3Vvt\ 2 0 1 (4 A r FX* 
U— tf (ttftttl93m ) WrFUfy71/-f (ftft 
^248nm ) *$<T)V-' 2 0 2 (4ASt 3fc**2H& IX 

h ) auto******?. 2 0 3umm&&. 2 0, 

4J13t«a^S. 2 0 5ttX-A*¥*. 2 0 7(4^ 
3!£!R»4*«, 2 0 8l4Jfc*3t¥*. 2 0 9(4taMx 

[0084] 11 {tmrnm^m-ti 0 . in* l^&is 

ISJB?S fc Hl*0«jfcWiffl*ri8 fc 4 -5 T V 1 S . 1 2 ttR 

"3 T* 0 . lira Ufc*mt»JBfc RttOflW&WWB "TAB 

[0085] 2 0 8&yX- A3fcf^ 205 

(4. I«K:at«UyX$««^ %&£J:oT 
(4ftS&£flr9fl](f 6fc*x*)$ 5-tiJ«Sr < fc fc-tWrt 

**>«HlMlcJ: 9ftttAXfc«HT»»** J: 

£ fc fc «t 0 , *S«B5tf>{4E£IUg Loo^filfg* 

[0086] mM^W2 0 4 (4, 0Utf . *-<03K 
am rxiiflORfflW ^ T£mfcfc3fcA-4* rate* 
i. JtA-fTli, U-1f-3fejg2 0 10>4>«OU— f-% 

iznixm&mo&mt (^^5) *«v^#ft 

ttXtiHUSWfcflJR Lfc#ft* J: 0 . 3 

Ufej&W KX3-T OioSr+SWt 2 ^ 
^WJSr-WBf U&ft®k%& . %>M TcoMMzh IK 

^tnmtnwMm ttwc*v>Kit*Mrt-*. % 
mi^m o 4 ii. wvmommz ± o asto 

4"&< fc i-«S:R»toofiaS8*T7Jlf*««»0 
3fc&*E€£*>€i>C:i:fcJ: , J. *03taiS*ffl2 04 ' 
tXtifWifflSFfcSME^^^-^B^S (3C) £JBf« 
th. WT. 3KJKa£*82 0 4fttf£*lfcRfc«MB* 
tftSfc*)* r l*]SK3t3K yrXW-?j i: t>V^-5. 
[0087] £ft3J&£3#2 0 7(4. «RO«/jNUy 
X J: 0 fUl > nxco g V X*?% 7 r 4 > h % 

0 , ZcoftAftiW 2 0 7' fcASf LfcAMftOftiiifc* 
»<0ffl^(c4MWLT*<03IHtaJBi2 0 7- Xlitom 



mw£3twfrbcoxwm(7>ytmjki'ftixz.\ xca 
w^mizmmzftmfttf&i-tcmim (#) * 

[0088] U— f #» 201*^ 4,»{iJ tfc l^— f Mt 

tm*<7) s 7 u u- y y x*> *sk?i * m L3t 

^$:igTlil9ttiJftK«#^#i i 2 0 2KAItt*. 
tlliWiSfiM?*?*^ 2 0 2 (40 2 3(A) (C^t«t 0 
C7^-ff 2 2 1 fc l^yX^2 2 2*»fefllfl£Sfl.T4J 

SHaux3tm2 27*^*^2 2 swttJts^btt 
t. a3Wft*«ff3t^i L 2 0 2*^wa3$n«»^(7) 

[ 0 0 8 9 3 x. ajstaafiisffsa*^ 2 0 2(4. 02 

3 (B) KjjVfJ:5*a»«)..«^^X2 2 3J:0JR 

SAx^si^yxfciOfls^LTtm^. ci<7)^(4ai 

««*0tt«/hPyXtO««t:tS#^4 .023(B) 
WK&*Ff' 2 0 2 1 . A*f^* 5 3t«l A X (11321- 

mzhmmm:m.Lxm.2 2 it^%%2 2 8<o 

ttJBfcSHtl/tfc, ffi»t«S«#^S I F2 0 2*^tii 

Axoasw-yxj^htfoi*B^l'ffi^yf-/i^-^* { . m 
stftS«S3^*^ 2 0 2 fc Lxmwwmx'hh. 
[0090] mft%.m*&%=?-2 0 2*>^,ai*ffts 
truants titziffi. (Ax^Ki^yxc7)j*^i4^^) 

(4. ft3!£*¥3R2 03tJ:"3rtiiiRMffi-fyT^U-^ 
^204 rtt»tt«J||'PA«t-& . rtBSfRWa-f yr/ 
*WQHL<f^fert»fejliit-C*l»AXtaB«fT1l| 

(c u-if«a 2 0 1 mmm ( mj&tt^^« > sr 

Jttfct*. %^XW&mM4y c r?\'-9 2QA<r)yt 
StHJE204' T(4. £<i4>«BR<0dMR*»fe*fc*»t« 

ftiOT, 5tWaiffi2 04' ttJft6Sa««-*{4^-t 
«T*. Cf5a«t-3V^TttttTta2 5fcfflOTKW- 
4. 

[009 1 ] flffigatM-f y-f/W-^ 204 (CAIft 

2 fc mm&ih 203 ttsfrt * ) fc . rtaiRSffl'f y 

T^U-^2 04O^Sfci@ (g) fc*#JSLo-?|*Iffl 

mm^yT^u-^2 0 4com^m^.-tib. #js 
«^feajT«Rnwft*2 0 9CAifri.ffl^ov-^ 

<03KB8«a*«l/-Hf *ll*«03 1 - U y x^liLhtciS^ 

4 £ fc (c «}: 0 MMMWIc 2 0 9 it'WX^ -y ^ ;K»J|4 
Sr»i4£k36<T**. $T02 2(zS 1 ). rtffiRWffi 
4yr7V-*2 04«>»fcaiStffi2 04' 

(*5$S^) Z$K>mftm (3t) (4. 
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mffl&*m 1 £tfLX-.Me¥*2 o 5C«fc oms 

cwt\ v^yv-t 2 0 7<t)^wb 

2 0 7' ±N£**it&3fL ftAJfcfffi2 0 7 ' _tfc%- 
ftgft 2 0 6 6 C fc fc$r& . 

[00923 ftA&f® 2 0 7 ' ±tte;-3KM 2 0 6 ifi 

mmti&t. *A»fS2 0 7- ojfcaawH&a***)* 

tmftmSM >t?U—? 2 0 7c7)3fcWtilffi2 0 7" 
izmZti. #Wttffi2 0 7" XJi**>ififlKctt. IB"? 

[0093] 3t»»ffi 207" Xtt*«Sfi*0#Rffl<>) 

»208fciD, «B8W**2 0 9±T'5v^K:*«r l 3* 
a J: ^ tftf*c«rBllW60f . asSPflftflc 2 0 9£ftc7) 

[0094] JJEO rffiMOfg* j fc ttttflMfflrifc 2 0 

mtcmiztc&x o zm-itMM. 2 0 6<vjzz Suisse 

[0095] rfa^fj fcmfc-f&B*, l*lffi£StS! 

4VT7v-92s±frb&m-h ! m.<rM%ft (aa* 

ftK) /8fctS#tSX-A3t!^3R2 0 5<0ftAI«l»P 
RfcNA' , ^B^fffl^yr^-^2 0 7(3AWt 
(A&ffcg) 0fctt?W*X-«Mfi¥JR 
2 0 5O^ffiltffl!)^PStSrNA" fcfSfc, NA' =m 

• NA" .TClT's ftS<9WA#S«&H 
#»JS!>f yf^l/-^ 2 0 7 0H6ASMIRJCIRN A$rjtg 
ifcuKHT, Ji'OCWBBPRNAtT'Si/Jftfiv^tt 

[0096], t^T#HMPJ«ll£ST'ti, ftJK^O 

Vt-YV-? 2 0 7OAW0IHinRfc3§£Lfc«»l* 

[ o o 9 7 ] m*> . •vwvfflmwm&z&m. 

Si, *4*fl^)**K«a*fi*m*«ifc*6fc, ( 1 ) 
SCSWC. rtffiRSjffi>f v^V-*2 04a»6aat 

*>*>. 

[0098] ^ut^s^ssii. ft%/3<mtffin 

SmtJ >t9'U-9 2 0 4^A3t-f !>ft3l?<OA*f3S 

* k B-oAitfts * *« aawaft^Jtwi 1 2 0 

t *f flffl t , iBWft K«#3fc5**T 2 0 2 £fB(£ftttt 



[00991 Z<Dftttn&m%&*?2 0 2cr>m® 
ito^TH2 4 (A) &tf (B) fcJfUTWJW-*. 
[0 1 00] H2 4fct$lrVt, 2 02a{ittJ^ftge 

( = e a ) ^mmn&mmm^Th 0,20 

[0101] HBtfc*mW+v7W6m»W&fr<r> 
SWUSSlfctSV U . MRa^Wflc 2 0 9 f * S ? 
Of-?*) <0;<*-v#*lE£A»r*3fcJlw>ll*a 
(AfWJK) aSr*aftKte»£LfloA»ft*«8!Ufl 

sumniaqHarcu. x-i^mt^Rflioaists 

ftStt^S^ 2 0 2 £ fflS U oaaaKK«ft 
BCJBtT. X-$y/fcft^f£7^9t;i£fr&d 

[0 1 02] 02 4 (A) JivX^2 0 9.tAltt-*3K 
JK^AIWKajWHSW'hSV*** (i«)«JB«r r 'ho 
(>-/•?) j W^Btwa. ) Sr^L. VX^209CO 

ffli^PRNpcOJt (N i/Np) 
[0103] C<»)/h<y<OttJBtR5&r4fcftK:tt, iftffl 
^fJS-^ yr^U-^ 2 0 7O^AStB02 0 7 ' ±trt 
ffiKWS-f VT^U-^2 04cO3ejllSt®2 04' (■?■ 

t!»Ii:t;:J: , 93ij£$it&#. fjaUciptAWftJK 
eii^B^fiM^ yf/w^ 2 0 4cr>®mztifcltz 

K*6J:dtX-A*ie3ROfl»fc3Ci6i:«fc:. ASt 

b oca ) X'$)immnmm^m^2 0 2bi 
mn&tf e &x'fo& mm&i?%frm? 2 0 2 a t 

[0 104] 024 ( B) W"7X^2 0 9tA«W*3t 
JK«A««*«3&«Jt«W**vti^ (iOttffiS: r Ao 
(i*-?-?) j <7)«Bi: = d. ) Sr^L, -779209(0 

KJ&t&fcftfcUi. «ffl4HWfi-f Vf^L'-^ 2 0 70 
3tAfttffl 2 0 7' CflB&StSM y r ^U- ? 2 0 4 O 
3ttBltS204' (*CXtt*<©ifi»K:*4ffl3eM) 5r 

2 0 5m*i**<**-rbzbtztmis.ztii- 



(9) 



fiffl^l 1-54426 



-9 a commzm itz®mnmznmztih<mtfh 
mzm&kmz. Attmdomtf&mmzmmztx 

SidtC. fcUWftJgfr'ea (<eb ) T 
m%^m^ 2 0 2 a £ ftSt^W ehX'hh ttiWftg 
&#ft1^2 0 2bOTUI>. 

[ o i o 5 ] ictii, x-Aft¥%<wmf%&k m 
mmmm? t*2 mx-m^i & mmm o £ 
x-^m^mmtmn&m^m^t 

nmmmcox-^^Mm^^mx'wm^z^ 

wzm&mMtfm%& 3wmv±<vmft&mft¥m 
^mmLxamiuw ®. mn&mx&m?£ 
mixhttLhizx&u-v-mmyt&w (*m 

i) im-zmmtim&ki-z. 

1 0 1 0 6 ] X. X-J*%&Jht LXZ\^Z&m&tf 
x/W-^2 04. 2 0 7O|g|tCj8tf?Wfc— 5«0lfe«3t 

[0107] mzftffiRitmJ >t?1—? 2 0 4 <Tj% 
WXS& 2 0 4' <a^#*#*-fc$r*aafc:oviTB 

2 5SrfflV^TSiBBf I. 

[0 1 08] 02 5T'ti, rtfflStfSM 
0 4«A«tt*<0^5X»T**fc-r6. ft. 02 5ti 

[0109] 3TOcomft#^2 0 3 *»<5>OI^— 
ftHJu£P0(::-B£3fc (tttfe) L. 

jS p o mx-\in±%x*n>x-®mk % o . mm 
m±®) *?m*<?>i>nzvLmixit a sua** 

^ LKKfcfc v>T Vf^U-* 2 0 4 £IE 

[0 110] mKMM4 >T<n>-f 2 0 4lz\%l 

Kmffiutmmwxi& o m ( mm £kw ) 

4 I tffofc*irtlHKWffl>f yf /W-^2 0 4*^ 

aiitts. ciob#. ?mmmvT-?v-9 2 0 4<r> 
mRttmo&miztn ^x &&t £ titc^mnmm t 



2. P3, P4, P5, P6, P7, P8, P9, PI 

[0111] ftoTfiffiS&BK ^1/- ?204<0 
3£9tStiffl2 04' Tl±, i<Xfe*»<oa«*»fe*Jt*»t 

[0112] 02 6{i@2 5<OrtffiRStS-f y-r/U- 
? 2 0 4 |c J: D£ mm ( ) H^E^iJ 
S\ MitfH2 4 (A) *MfcfcvvciWMHHM V 

^u-* 2 o 7fc«ww-*— ■onwhi'yxnjffliii 

E*><9£/t02r*LTV^|>. 02 6£*5Wt, 25K2: 
iSB^fffl^y7 : -^U-^2 0 7OSit^yX2:. PI 
#>£P 1 O(£02 50««fe*LT^*. 02 6#><?# 
*»"5>ii0 . l*lERStIH >-T^-^2 04*^ew 

BRItS'f 2 O4#03ft<O#AM 7TJ> 

h^mmmB^Wi-mzmni . coji 

ft3t3lfi?*2 0 3trtiBR«l!'f>T/V-^2 
0 4<0|g|{^jS$h.^U-if-3Kwm3K^ ^ 

[0113] *£mm<r>fflmmis 024 ( a > tc« 

Ufca 0 ffilWKfiWFJlfiWF 2 0 2a, 2 0 2 b #m 
n^2)t'WK> Jl^Sf^O — 3 — 3tf)JiffclimXn 

mmmnmiz&AstfmmtJLt. ztibimm 
wsm y^-yu-9 2 oiffm'b^yx-^znpnth 
zuzKh. 

[ 0 1 1 4 ] ftoT, 43ttt09*)!!B&&Sli. ^ffl^fJ 
M-f 2 0 7CD?tmW2 0 7" XJi^WJfi 

Zmm¥& 2 0 8 (c J: 0 ttSPKM* 2 0 9 ±{c«^ L 

xa o , »»2 o 9^**u •j^-^fias^t 

^rS i a (c^{*2 0 9 *JHWt* i fc t^HtfcLTV^ 

[0 115] ttc. 02 3 (B) t1tt^L^i3tC, W 
~f%M2 0 1 3&^<0^36^at=J: O^MBttLfci: 
l/Cfc. aj«ft*fi«F* ! WIH t 2 0 2a. 2 02b*>^> 
««SR«!il»*e«-Jgt«d#Sfl40T'. H2 6KJ3 

Sf2 0 2a. 20 2b&ffi#fHMyx^-?20 
7^)*»/hU>'X2 5 ltf)+0*«^**-e^atJW: 
fc *<^att(4«if ! 5r< . «^t»l((s2 0 9 ±<0!S 

[0116] «->T*3«tfl*0!H9Ba»i, U-1f3lfi« 

2 o i f-%m.& ix htmz&mms. 
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[ 0 1 1 7 ] H 2 7 \z±XXKtiNWfflaS!M& L"S I * 
VLS I 97**. CCD, BA-bV^, ffi 
fi*F»<0rA>f xiBttiXf yT& 'J t- FSX 

JK2£jjrf. 

101 183 B27fcttVY?. 29 

2 o i Wfjwti»a«tr-A«wfciww"*fc 

AcoatSHBB^JR. 2 9 2li3t-I/yh«rU— !f* 
3t¥5R, . 2 9 3(ivx^2 0 9W[sIlfS^^-yco^<g 

m.tem>m&ikm&m%&%. 294.14** (v 

X, iiT1iH22t^tfcaWtHt«B»rtttH22 

[0119] U-1f-3tS2 0 1*>^«DW— f-ftte* 
«»*^*2 9 3#feR3miE§ftTV>$rVt*£fcli* 
h- ;mo*««*« 1 P m - 3 p mg*fc8P*»f b3 
fvCfc 0 . mit¥% 2 9 3 #feJKH*§iE3*rC V>4$ 

himn^mmvi o p mjju:*>*4« 

fcttWHHfcSfvO*. X. ijaiMlt*3R2 9 3**feJRa 
£ffl^4t§£t&4. 

[0120] «W3lfi16* 293k LTttfcftWUVX* 

t < k t-8w>* s?* -mmms&ifr 1 x° 

[01213 U— Wffl2 0 1 *»4>ttffl WrU— f 3Ki 

*»*«T3l£JiaBEai6¥»2 9 1 tA*W&. dOfta? 
»JB**» 29111 «ft<9 ^ 'J > F 'J yx-^t* 

<ottts:iftt4. 

[0 1 223 3K3fcBfl»^ 2 9 l (ci OBfWR*^ 
»S*ifc3fcSH4. '5x;N2 9 4±T'3ta {z F*LT*'W 

& 2 9 2 fcAW 1 . 2 9 2 fc £ 0 

[ 0 1 2 33 ^3t-l/> Ffl3lfi?5R2 92kLT 
its «iHfW^3-21593<>*A«OHl tBIK%S*lTV> 
4 J: "3 AW*JR**»«1HT'^< t i 2o^3K 

(WitfpflKfcfc sflBt) fc4rttLfett-p-*03tJR* 

x^um-ft ix mntmiztt lx u-y-ytn a t 



#T'#4. 

[0 1 24 3 4v-at-VVYW!!tfrJti29 2i}>t>9)4 

2 0 2fcA»t4. 1TF02 2J!>2B2 6 fcJIkvca* 
J: 0 . 8iB#«I!4 2 0 7 com 

O8tcJ;Dv^72O9SrS^L«0JU, vx^20 

f>i!4J:^f7^^2 0 9?:^-HSBjtt4. ZIX^X 
? 2 0 9±K»*3flfcliIB^^->'*«»*^»2 9 
3fcJ:9^X7\2 9 4±fclMHS«S*U ^X/\2 0 4 

S. ?x^2 9 4«^0*OXYZiT»;*-T-vK 

4. ioj:d*a»sttja»a«"rfc*» , c. plv^ 

{i^B&f4. 

[0125] 02 7(C*SVvC(i, &ffl^Slffl>f yf/W 
2 0 7 0*aj«ffl3K»+fc!H^lifflWlllPR9 1 2*< 
Eg^^lTfcO. m 1 2U5V^{C»ir6£rff[t*tJBt 

^20 7^3t*Stil*S54 3 t:Jf At4i: 5(«LTV^ 
4. 

[0 1 26 3 «R<0MPR9<0|PIJP»tti:fCti» »tt 

>m tffiasnfe3flwi«<o4o<oBijp«f* t tt^. 

4. 

[01273 02 8&una2 9 im^xxs&ficwiPJM 

[01 28) H28&W c Bl2 9li. LSI^VLSItf 

cymfoi- 7/^, ccd, am-fe y-f. msawsn 

r'V xzmmt&xr-'vT&x^-ry fioft 
»*3^ t«^!HH«ei<0««B|-C* 4 . 13 2 8 , 
0 2 9 fcfc V U t ^=0: 4 gfrfto* 

iKaj-f4. 

[oi293E28(A)t(B) i&gmmcm*m 

mm&n^onWLtiZhhW&ttLXii*). (A) 

t. )*»fejbaar. <b) 

'HT*6. A. 02 9 (A) fc (B)\i*mtmcr>WlW 
8B^a^*<><9#ffiifc*4$££*LTfc9, 
( A ) M3R«£tt* z ^l6j*>/5^.fc0T\ ( B ) itmi 
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[01 30] ft, OT, 029 (A) . (B)lZti^X 
3BttAXt3B«iAC*>fey*mtJii;*«lf:8r*0»iB 
S-xyBfffi, ^AXa>fcz#fflfcgtf4ttfc£*trR 
ffi£xzBrffli:fE"t. 02 8&tf02 9£iJWt, 22 
0a. 2 2 0bl4XY»rflSfcXZBffii:?iti»3M<>)B! 

$n (mnm m%&mmmit¥m?. 2 a 

OttrtffiRMffl-f y-f^V-?, 24 0' fiF*jER»ffi 
4 yf-^U-^cO^ffiltB. 2 7 Oti&E^S'JIM yf- 
?V-:7. 2 7 0' . 270" tt«ffl#t>ffl4 f t/U 
-?<7)5fcA3tffl, JtdJItffl. 3 0 0 y {i-7X7±c7),^Bj 
4R (*) Oy;fr[6jOj|$, 3 00z(ivx^±cOBSBM 
(3t) Oz#[dW>*Sfcjj*t. X, H+*3BI2 2JbMB 

2 7 Lfcaw t n tawtuiH 2 At m-mmz 

ttlX^h. 
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